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Description 

This invention relates to an angular velocity sensor according to the preamble of claim 1. 
A sensor of this type is known from EP-A-0461761. 
S In the automobile industry, machinery industry, and the like, there has been an increased demand fc^ sensore 

capable of piecisety aeiw;iir>y acceiurutiun ui an^ubu velocily ol u iiiovbig uUjacl (IxxJy). In general, an objaci wTitcti 
carries out tree movement in a three^dimensior^t space bears an acceleration in an aibitrary direction and an angular 
velocity in an arbitrary rotational direction. For this reason, in order to precisely grasp movement ol this object, it is 
necessary to independently detect acceleratton components in every respective coordinate axial direaion and angular 
IV vsiocny componems about every respective cooroinaie axis n tne XYZ ihree-aimeneional ooordmaie eysiem, respec- 
tively. 

Httherto. mutihdimensional acceleration sensors of various types have been proposed. For exarnple, in the Inter- 
national Laid Open No. WO88/0S522 based on the Patent Cooperation Treaty (U.S.P. No. 496760SAJ.S.P No. 
51625 1 5). there is dtsctosed an acceieralton sensor in which resistance elements formed on a semiconductor substrate 

IS are used to detect applied acceleration components in every respective cooidtriate axial direction. Further, in the In- 
ternatior^l Laid Open No. W09l/lOlie t>ased on the Patent Cooperation Treaty (U.S.P. Appln. No. 07/761771), a 
multi-axial acceleration sensor having setf*diagnos(ic function is disclosed. Further, in the International Laid Open No. 
W092/17759 based on the Patent Cooperation Treaty (U.S.P. Appln. No. 07/952753), there is disclosed an acceleration 
sensor in which electrostatic capacitance elements or piezoelectric elements are used to detect applied acceleration 

» components in every respective coordinate axial direction. Further, also in the Japanese Patent Application No. 
274299/1 990 (Tokuganhei 2-274299) specHicatior) and the Japanese Patent Applk»tion No. 416168/1990 (Ibkuganhei 
2-416168) speciTication (U.S.P. Apph. No. 07/764159), a mutti^ial ecceteration sensor similar to the above is dto* 
closed. In (he Japanese Patent Applicatton No. 306587/1991 (Tokuganhei 3-306587) specificatkM (U.S.P. Appfti. No. 
07/960545). a rKSvel electrode arrangement in a strrdlar mutti<exial acceleration sensor is disctosed. In addition, in the 

26 International Application PCT/JP92/00862 specircalion based on the Patent Cooperation Treaty, a multi-axial 8ccei> 
eratton sensor using piezoelectrc element of another type is disctosed. The feature of these acceleration sensors is 
that a plurality ol resistance elements, etectrostatk: capacitarwe elements or piezoelectric elements are arranged at 
predetermined positioru of a substrate having flexbility to detect applied acceleration components on the basis of 
changes in reststar>ce values of the resistance elements, changes in capacitance values of the electrostatic capacitance 

90 elements or changes in voltages produced in the piezoelectric elements. A weight txxJy is attached on the sut>strate 
having flexibility. When an acceleratk)n is applied, a force is applied to the weight body and bending occurs in the 
flexible substrate. By detecting this bending on the basis of the atKweKtescribed changes in resistance values, capac- 
ftance values or charges produced, it is possible to detemwie acceleration conyo n ents in respective axial directions. 
On the contrary, the inventor of this applk:ation cannot find any literature relating to a multi-dimensior\at angular 

S5 velocity sertsor so tar as he knows. Ordinarily, angular velocity sensore are utilized lor detecting an angular velocity of 
a power shaft, etc. of a vehicle, and only have a furKrtion to detect an angular velocity about a speciric single ajcis (EP- 
A-0461761). In such cases of determining a rotational vekx:ity of the power shaft, It is sulTictent to use an one-dimen- 
sional angular velocity sensor. However, in order to detect angular vetocity with respect to an object which carries out 
free movement in a three-dimensional space. It is necessary to independently detect angular velocity components 

40 about respective axes of the X-axis, the Y-axis and the Z-ax's in the XYZ three-dimensional coordinate system, in order 
to delect angular vekx:ity components about respective axes of the X-axis, the Y-exb and the Z^exis by using one- 
dimensional angular velocity sensors conventionaily utilized, it is necessary that three sets of angular velocity sensors 
are prepared to attach them in specific dtrections pemiltting detection of angular velocity components about respective 
axes. For this reason, the structure as the entirely of the sensor becomes complicated, and the cost also becomes hig|h. 

45 

DISCLOSURE OF THE INVENTION 

fij) object oi this inventon is to provide a novel multinaxial angular velocity sensor having a relatively simple structure 
and capable of independently detecting angular veksclty components about respective axes of X-axis. Y-axis and Z- 
SO axis in XYZ three-dimensional coordinate system, respectlvefy. 

This is achieved by the features of claim 1 , preferred embodiments are defined t)y the dependent claims. 

The fundamental principle utilized in this inventkm resides in that in the case where an angular velocity co about a 
finst conrriinatA ayis ii; evArtnd on nn nsrUllator placArf in fln XYZ thrAA-dimeraUonal cnofrfinatA Ryfttem. whnn ttik os- 
cillator is oscillated in a second coordinate axis direction, a CorioUs force proportional to the magnitude of the angular 
K velocity co is produced in a third coordinate axis direction. In order to deled angular velocity a> by utilizing this principle, 
rneans for oscillating an oscillator in a predetermined coordinate axis direction, and means for detecting displacemant 
in a predotormined coordinate axis dir«ction producod in tho occillalor hy action of tha Coriolie forea ara raquirad. In 
addition, in order to detect all of angular veloc&y corhponent oox about the X-axis, angular vetoclfy cornponent oy about 
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the Y>axis, and angular velocity component an about the Z-axis, means for oscillating the osciflatpr in three axes 
difcctiono ond mcono for detecting dioptocemonta in the three oxeo dircctiono produced in the oacillator ore required. 

This inventbn provides a sensor having such means, and is characterized by the features of claim 1 , 
S BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the fundamental principle of an one-dimer^ional angular velocity sensor 
utilizing Coriofis force conventionalty proposed. 

Fig. 2 is a view showing angular velocity components about respective axes in an XYZ three-dimensional coordi- 
10 nate system, which are to be detected in this invention. 

Fig. 3 is a view for explaining the (urKfamentat principle (or detecting an angular velocity component ok about Ihe 
X-axis by this invention. 

Fig. 4 is a view for explaining the f urtdamental principte for detecting an angular velocity component coy about the 
Y-axts by this invention. 

IS Fig. 5 Is a view for explaining the fundamental principle for detecting an angular velocity compor^t ooz about the 

2-axis by this invention. 

Fig. 6 is a side cross sectional view showing the structure d a mutti-axial angular velocity sensor according to a 
first embodiment of this invention. 

Fig. 7 is a top view of flexible substrate 110 of the mutti-axial angular velocity sensor shown in Fig. 6. 
80 Fig. 8 is 8 bottom view of fixed substrate 1 20 of the mutti^ial angular velocity sensor shown in Fig. 6. 

Fig. 9 is a side cross sectional view showing the state where oscillator 1 30 in the multi<axial angular velocity sensor 
shown in Fig. 6 is caused to undergo displacentenl in the X-axis direction. 

Fig. 10 is a side cross sectional view showing the state where osdDator 130 in the mutti-exlal angular veloelty 
sensor shown in Fig. 6 is caused to undergo displacement in the *X axis direction. 
8S Fig. 1 1 is a side cross sectional view showing the state where oscillator 1 30 in the mutti-axial velocity sensor showfi 
in Fig. 6 is caused to undergo displacement in the Z-axis direction. 

Fig. 12 is a view showing a voltage waveform supplied for aHowing oscillator 1 30 to produce oscillation iJx in the 
X-axis direction in the mutti-exial angular velocity sensor shown in Fig. 6. 

Fig. 13 is a view showing a voltage waveform supplied for altowing oscillator 130 to produce oscillation Uy in ttie 
90 Y-axis direction in the mutti-exiat angular velocity sensor shown in Fig. 6. 

Fig. 14 is a view showing a voltage waveform supplied for albwirtg oscillator 130 to produce oscillation Uz in the 
Z-axis direction in the multi-axial angular velocfiy sensor shown in Fig. 6. 

Fig. 15 is a side cross sectional view showing the phenomenon that Cortolis force Fy is produced on the baste of 
angular velocity component tax when oscillator 1 30 is caused to produce oisciOation Uz in the multi-axial angular velocity 
3S sensor shown in Fig. 6. 

1 6 is a side cross sectional view showing the phenomenon that Coriolis force Fz is produced on the baste of 
angular velocity component coy when oscillator 1 30 is caused to produce oscillatian Ux in the multi-axial angular velocity 
sensor shown in Fig. 6. 

Fig. 17 is a side cross sectional view showing the phenomenon that Coriolis force Fx is produced on the basis of 
40 angular velocity component coz when oscillator 1 30 is caused to produce osciltation Uy in the multi^ial angular veloofty 
sensor shown in Fig. 6. 

Fig. 18 is a circuit diagram showing an example of a circuit lor detecting change of a capacitance value of e(ec» 
trostatic capacitance element C. 

Fig. 19 te a timing chart lor explaining the operation of the circuit shown in fig. 18. 
^ Rg. 20 te a circuit diagram showing an example of a circuit for detecting changes of capacitance values of a pair 

of electrostatic capacitance elemerrts CI . C2. 

Fig. 21 te a timing chart tor explaining the operation of the circuit shown in Fig. 20. 

Fig. 22 is a side cross sectional view for explaining the principle of a first modirication of the nujfti-axial angular 
velocity sensor shown in Fig. 6. 
SO. Fig. 23 is another side cross sectional view lor explaining the principle of the first modification of the muhkodal 
angular velocity sensor shown in Fig. 6. 

Fig. 24 te a further side cross sectional view for explaining the prhcrple of the first modfficatidn of the muRi^iBl 
ttnguidr velocity eer\aor shown in Fig. 6. 

Fig. 25 Is 8 side cross sectional view showing a more practical stnjcture of the first modification ol tfw mufti-exlal ' 
S6 angular velocity sensor shown in Fig. 6. 

Fig. 26 te a view showing an example of a method of applying a voltage to respective electrodes of the multi-exial 

ttiiyului VMluclly tfuiisoi tdiuwii bi Fiy. 25. 

Fig. 27 te a side cross sectional view showing a more practical structure of a second modification of the multi-exial 
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angular velocity eensor shown in Fig. 6. 

Fig. 26 is a side cross sedional view showino the structure of a mutti^xial angular velocity sensor according to a 
second emt>odimefit ol this invention. 

Fig. 29 is a top view of Hexible substrate 210 ol the multi^iaf angular velocity sensor shown in Fig. 28. 

Fig. 30 is a side cross sectional view showing a cross section at another position of the mutti'dxial angular velodty 

ttnnarit Rhown in Fig ?B 

Fig. 91 ts 8 bonom view of ftxed substrate 230 o? the muKi-axial angular velocity sensor shown in Fig. 26. 
Fig. 32 is a side cross sectional view showing a first modification of the mutti^axiat angular velocity sensor shown 
in Fig. 28. 

Pig. 93 ic a cido crocc codional viow chewing a cocond modification of tho muHi<axial angular velocity consor 
Shown in Fig. 28. 

Fig. 34 ts a top view of flexible substrate 250 of the mutti-axtal angular velocity sensor shown in Fig. 33. 
Fig. 35 is a side cross sectional view showlrig the structure ol a multi^tal angular velocity sensor according to a 
third ombodimont of thic invention. 

Fig. 36 a top view ol flexible substrate 31 0 of the multi^ial angular velocity sensor shown in Fig. 35. 
Fig. 37 is a view showing arrangement of resistance elements R shown in Fig. 36. 

Fig. 38 is a side cross sectional view showing a state where Coriolts force Fx is exerted on the multi-axial angular 
velocity sensor sfiown in Fig. 35. 

Fig. 39 is a circuit diagram showing an example of a circuit for detecting CorioDs force Fx in the X-axis direction 
exerted on the mutti-axiaf angular velocity sensor shown in Fig. 35. 

Fig. 40 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fy in the Y-axis direction 
exened on the mutlt-axial angular velocity sensor shown in Fig. 35. 

Fig. 41 is a circuit- diagram showing an example ol a circuit for detecting Coriolis force F2 in the Z^xis direction 
exerted on the multl^xtal angular velocity sensor shown in Fig. 35. 

Fig. 42 is a side cross sectional view showing a stnjcture of a mtiliHaxial angular velocity sensor according to a 
fourth emtxxNment of ttiis invention. 

Figs. 43(a) and 43(b) are views showing a polarization chaiacterislic of a piezoelectric elemertt used in the nmtti- 
axial angular veiocity sensor shown in Fig. 42. 

Fig. 44 is a side cross sectional view showing a state where the mulli^ial angular velocity sensor shown in Fig. 
42 is caused to undergo displacement in the X-axis direction. 

Fig. 45 is a side cross sectional view showing a state where (he mutti-axiaf angular velocity sensor shown in Fig. 
42 is caused to undergo displacement in the Z-axis direction. 

Fig. 46 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
muhi-axial angular velocily sensor shown in Fig. 42. 

Fig. 47 is a wiring diagram showing a wiring lor detecting Coriolts force Fy In the Y-axis direction exerted on the 
multinsxial angular velocity sensor shown in Fig. 42. 

Fig. 48 is a wiring diagram showing a wiring for detecting Coriolis force Fz In the Z-axis direction exerted on the 
multi-axial angular velodty sensor shown in Fig. 42. 

Figs. 49(b) and 49(b) are views showing a polarization characteristic opposite to the polarization characteristic 
shown in Figs. 43(a) and 43(b). 

Fig. 50 is a plan view showing a distribution ol ihe polarization characteristics of a piezoelectric element used in 
the first modification ol the mulli>axiai angular velocity serisor shown in F^. 42. 

Fig. 51 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial ar>gular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 52 is a wiring diagram showing a wiring lor detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 53 is a wiring diagram showing a tviring for detecting Coriolis force Fz in the Z^is direction exerted on the 
multi-axiat angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Rg. 54 is a side cross sectional view showing a structure ol a second modification of the multi-axial angular velocity 
sensor shown in Fig. 42. 

Fig. 55 is a side cross sectional view showing a suucture of a third modification of the mutti-axial angular velocity 
sensor shown in Fig. 42. 

Fig. 56 is a side cross sectior^al view showing a structure of a fourth modification of the muftt-axiaf angufar velocity 
sertsor shown in Fig. 42. 

Fig. 57 is a top view showing a structure ol a multi-axial angular velocity sensor according to a fifth embodiment 
of this invention. 

Fig. 58 is a side cross sectional view showing the structure of the mutti-exial angular velocity sensor shown in Fig. 
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• Fig. 59 is a top view showing an arrangenrient of tocailzed eiemenXs defined in the multi-axial angular vetocity 
sensor shown ri Pig. 57. 

Figs. 60(a) and &0(b) are views showing a polarization characteristic of a piezoelectric element used in the multi- 
axtal angular velocity senses shown in Fig. 57. 
S Fig. 61 is a side cross sectional view showing a state where the multi^iat angular velocity sensor shown in Fig. 

57 ic causod to und«rgo di«placomont in tho X-axk diroction. 

Fig. 62 is a side cross eectional view showing a state where the mutti^ial angular velocity sensor shown in Fig. 
67 16 caused to undergo dtsplacement in the Z-axis direclioa 

Fig. 63 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
10 multi-axiat angular velocity sensor shown in Fig. 57. 

Fig. 64 is a wiring diagram showing a wiring lor delecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 57. 

Fig, 65 is a wiring diagram showing a wiring for detecting Coriolls force Fz in the Z-axis direction exerted on the 
muHi-aXteil ongular velocity aenaor ohovm in Fig. S7. 

IS Figs. 66(a) and 66(b} are views showing a polarization characteristic opposite to the polarization char^eristtc 
shown in Fig. 60. 

Fig. 67 is a plan view showing a distribution of the polarization characteristics of a piezoelectric elennent used in 
mrv fint fnudUiiMtiuii «4 Uw iiiuttiwial aiigufai velocity «oii«ui vliowii at Kt^ ST. 

Fig. 68 is a side cross sectional view showing a state where Coriolis force Fx in the X-axis direction is exerted on 
£0 the muhi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 69 is a side cross sectional view showing a state where Coriolis force Fz in the Z«axis direction is exerted on 
the multi-axial angular velocity sensor using the piezoelectrc element shown in Fig. 67. 

Fig. 70 is a mring diagram showing a wiring for detecthg CcH^idis force Fx in the X-axis directbn exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 
« Fig. 71 is a wiring diagram showing a wiring for delecting Coriolis force Fy in the Y-axis direction exerted on the 

multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 72 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exened on the 
multi-axiai angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 73 is a side cross sectional view showing a structure of a second rnodification of the multi-axial angular velocity 
w sensor shown n Fig. 67. 

Fig. 74 is a side cross sectional view showing a structure of a third modification of the multi-axial angular velocity 
sensor shown in Fig. 57. 

Fig. 75 is a perspective view showing a fundamental principle of a mufti^axial angular velocity sensor according 
to a sixth embodiment of this invention. 
as Fig. 76 is a side cross sectional view showing a more practical structure of the mulIi-axiaJ angular velocity sensor 

according to the sixth embodiment of this invention. 

Fig. 77 is a flowchart showing a procedure 04 a detecting operation in the multi-axiat angular velocity sensor ac* 
cording to this invention. 

Fig. 76 IS a view showing an actual example of a circuit configuration for carrying out the detecting operation in 
40 the muttl-axial angular vetocity sensor according to this invention. 

Fig. 79 is a view for explaining another fundamental principle for detecting angular velocity component com about 
the X-axis by this invention. 

Fig. 80 is a view for explaining a further fundamental principle for detecting angular velocity component ooy about 
the Y-^xis by this invention. 

^ Fig. 61 is a view for explaining a still further furtdamental principle for delecting angular velocity component am 
about the Z-axis by this invention. 

BEST MODE FOR CARHYING OUT THE INVErfTION 

SO so Fundamental Princtoie 

<0. 1 > Uni-axtal Angular Velocity Sensor 

Initially, the detection principle of angular velocity by a unl-axial angular velocity sensor v^ich f omns the toundatiian ' 
ss of a multi-axial angular velocity sensor according to this invention will be briefly described. Fig. 1 is a view showing the 
fundamental principle of an angular velocity sensor disclosed in Magazine "THE INVENTION' complied under the 

cup«rvicion of tKo Japanoco Patent Offico, vol. 00. No. 3 (1003), pago 60. An occillator 10 in a cquaro pillar ic proparod 

and consideration is now made in connection with an XYZ three-dimensional coordinate system in which X-, Y- and 
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Z-axes are defined in directions as shown. In such a system, in the case where oscillator 10 is carrying out rotational 

movcmont ot an ongulor voloctty oo with tho Z axic boing oc tho axio ol rotation, H io known that o phonomcnon oo 

described below takes place. Namefy, when the oscillalor 10 is caused to produce such an oscillation U to reciprocate 
it in the X-axis direction, a Coriolis force F takes place in the Y-axis direction. In other words, when osdllalor 10 is 
6 rotated with the 2-axis being as a center axis in the state where it is oscillated aksng the X-axis of the figure, Coriolis 
force F ia to be produced in the Y-oxia direction. Thb phenomenon te the dynamical phenomenon known lor long ae 
Foucault'6 pendulum. A Coriofis force F produced is expressed as follows: 

„ Fs2m.v-<D 

In the above expression, m is a mass of oscillator 10, v is an instantaneous velocity with respect to osci/liaHon of 
the oscillator 10. and ta is an instantaneous angular velocity of the oscillator 10. 

The unhexial wiguiar vekx;liy sensor di;M;lQs»eO in Uie pieviuusiy UesciibeJ iiutgaziiie twivtR> lu Oetect tin angular 

IS velocity 00 by making use of the above phenomenon. Namely, as shown in Fig. l. a first piezoelectric element 11 is 
attached on a first surface of the oscillator lO in a square pillar form, and a second piezoelectric element 1 2 is attached 
on a second surface perpendicular to the first surface. As the piezoelectric elements 11, 12, an element in a plate form 
comprised of piezoelectric ceramic Is used. In order to allow the oscillator 10 to produce oeciUatton U. the piezoelectric 
element 11 is utilized. Further, in order to detect a Coriolis fofce F produced, the piezoelectric element 12 is utiRzed. 

so Namely, when an e.c. voltage is applied to the piezoelectric element 1 1 , this piezoelectric element 11 repeats expansive 
and contractive movements and oscillaies in the X-axis direction. This oscillation U is transmitted to the oscillator 10, 
so the oscillator 10 oscillates in the X-exis direction. As stated above, when the osdHaior 10 Itself rotates at an angular 
velocity u with the Z-axis being as a center axis in the state Htiere the oscillator 10 is caused to urKfergo oscillation U, 
a Coriolis force F Is produced in the Y-axis direction by the above-descrbed phenomerKm. Since this Coriolis force F 

zs j$ exerted in a thickness direction of the piezoelectric elerrtent 12, a voltage V proportional to the Coridis force F is 
produced across both the surfaces of the piezoelectric element 1 2. Accordingly, by measuring this voltage V. t becomes 
possible to detect angular velocity <D. 

<0. 2> Multi-axial Angular Velocity Sensor 

30 

The aboyeKlescribed conventional angular velocity sensor sen/es to detect an angular velocity cornponent about 
the Z-axis, and this sensor is therefore unable to detect an angular velocity component about the X-axis or the Y-axis. 
This invention conternplates providing, as shown in Fig. 2. a multi-axtal angular velocity sensor capable ot independently 
detecting an angular velocity component aix about the X-axis, an angular velocity component coy about the Y-axis, and 

35 an angular velocity component toz about the Z-axis in the XYZ three-dimensional coordinate system ^Mth respect to a 
predetermined object 20. The fundamental priru^^dle thereof wiO now be described v^th reference to Figs. 3 to'5. It is 
now assumed that an oscillator 30 is placed at Vne origin position of XYZ three-dimensiorkai coordinate system. In order 
to detect angular velocity component m. about the X-axis of the oscillator 30. it is sufficient to measure a Coriolis force 
Fy produced in the Y-axis direction when the oscillator 30 is caused to undergo oscillation Uz in the Z-exis direction 

40 as shown in Fig. 3. TTie Coriotis force' Fy takes a value proportional to angular velocity component cox. Further, in order 
to detect angular velocity uy about the Y-axis of the oscillator 30, it is sufficient to measure a CorioOs force Fz produced 
in the Z-axis direction when the osciliator 30 Is caused to undergo oscillation Ux In the X-axis direction as 6ho«wi in 
Fig. 4. The Coriolis force Fz takes a value proportiorwl to angular velocity coy. In addition, in order to detect angular 
velocity component aa about the Z-axis of the oscillator 30, it is sufficient to measure e Coriolis force Fx produced in 

45 the X-axis direction when the oscillator 30 is caused to undergo oscillation Uy in the Y-axis direction. The Coriolis force 
Fx takes a value proportior^l to angular velocity <DZ. 

Eventually, in order to detect angular velocity ccvnponents every respective axes in the XYZ three-dimensional 
coordinate system, the mechanism for oscillating the oscillator 30 in the X-axis direction, the mechanism for oscillating 
it in the Y-axis directbn, and the mechanism for oscillating it in the Z-axis direction; and the mechanism tor detecting 

so Coriolis force Fx in the X-axis direction exerted on the oscillator 30, the mechanism for detecting Coriolis force Fy in 
the Y-exis exerted thereon, and the mechanism for detecting Coriolts force Fz in the Z-exis exerted Hiereon are required. 

<0. 3> OscBlation MechanisnVOetection Mechanism 

SS As described above, in the multi-axial angular velocity sensor according to this invention, the mechanism for os- 

cillating the oscillator in a specific coordinate axis direction, and the mechanism tor detecting a CorioOs force in a 
.spftcifir nnrvdinaie Rvis direction exe rted on tf^ oscBlator are reouffed. As the oscillation mechanisnn. respective mech- 
anism as described below may be utilized. 
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(1) Mechanism utilizing Coulomb force: 

. A first electrode and a second electrode are respectively formed on the osciltaior side and on the serisor casing 
side to dispose a pair of electrodes in a manner opposite to each other. If charges of the same polarity are delivered 
< to the both electrodes, a repulsive force is exerted. In contrast, if charges of different polarities are delivered, an at- 
tractive force is exerted. Accordingly, when an approach is employed to allow the both electrodes to interchangeably 
undergo repulsive lorce and attractive force exerted therebetween, the oscillator oscillates relative to the sensor casing. 

(2) Mechanism irtilizing piezoelectric element: 

TO 

This mechanism is the mechanism used in the uni^axial angular velocity sensor shown in Fig. 1. By applying an 
a.c. voltage across the piezoelectric element 11. the oscillator 10 is oscillated. 

(3) Mechanism utilizing electromagnetic force: 

15 

An oscillator comprised Of a magnetic material is used and a coO Is disposed on the sensor casing side to allow a 
current to flow in the coil to exert an electromagnetic force thereon to oscillate the oscillator. 

On the other hand, as the mechanism for detectir>g Coridis force, respective mechanism as described below may 

be utilized. 

90 

(1) Mechanism utilizing change of the electrostatic capacitance: 

A first electrode and a second electrode are respectively formed on the oscillator side and on the sensor casing 
side to dispose a pair of electrodes in a manner c^posite to each other. When a CorioUs force Is appPed to the oscillator, 
^ so displacement takes place, the spacing (distance) between the both electrodes varies. For this reason, the electro- 
static capacitance value of an electrostatic capacitance element constituted by the both electrodes varies. By measuririg 
a change of the capacitar>ce value, the applied CorioRs force is detected. 

(2) Mechanism utilizing piezoelectric element: 

30 

This mechanism is the mechanism used in the uni-axial angular velocity sensor shown in Fig. 1 . When a Coriolis 
force F is applied to the piezoelectric element 12. the piezoelectric element 12 produces a voltage proportional to the 
CorioBs force F. By measuring the voltage thus produced, the applied CorioSs force is detected. 

(3) Mechanism utilizing differential transformer: 

An oscillator comprised of a magnetic material is used and a coil is disposed on the sensor casing side. When a 
CorioBs lorce Is appliea lo Ihe oscOlalm, su arty Ui^jtuuttiriwii UiKtw pkstw, U10 UtoUuiuv tieiwtMsri Uie usciOttiui wiU Uw 
coil varies. For this reason, inductance of the coil varies. By measuring a change d the inductance, the applied CorioBs 
40 force is detected. 

(4) Mechanism utilizing ptezo-resistance element 

A'substrate such that bending takes place when a Coriolts force is applied thereto is provided. A piezo-resistance 
^ element is formed on the substrate to detect a bending produced in the substrate as a change of the resistance value 
of the piezo-resistance element. Mamely, by measuring a change of the resistance value, the applied Coriolis force is 
detected. 

While the fundamental principle of the multi<exial angular velocity sensor according to this invention has been 
briefly described, more practical examples of sensors of a simple structure operative on the basis of such fundamental 
so principle will now t>e described below 

(51 FIRST EMBODIMENT 

<1 . 1 > Structure Of Sensor According To First Embodirrwnit 

55 . 

A multi-ax'ial angular vekxity sensor according to the first emtxxJiment of this invention will be first described. The 
sensor of the first embodiment is a sensor in which a mechanism utilizing Coulomb force is used as the oscillation 
mechanism and a mechanism utS'izing change of electrostatic capacitance is used as the detection mechanism. 
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Fig. 6 is a side cross sectional view of the muW-ax'tal angular velocity sensor according lo the first embodiment. A 
flexibte substrate 110 and a fixed substrate 120 are both a disk-shaped substrate. ar>d are disposed in paraHei to each 
other with a predetermined spacing (distance) therebetween. On the lower surface of the flexible substrate 110. a 
columnar oscillator 130 is fixed. Turthef, the outer circumferential portion of the flextole substrate 110 and the outer 

6 circumferential portion of the fixed substrate 1 20 are both supported by a sensor casing 140. On the bwer surface of 
the fixed substrate 120. five upper electrode layers El to ES (only a portion thereof is indicated in Fig. 6) are formed. 
Simtlarfy, on the upper surface of the flexible substrate 110. five tower electrode layers F1 to F5 (only a portion thereof 
is also indicated) are fomned. In this embodiment, the fixed substrate 1 20 has sufficient rigidity, eo there is no possibility 
that bending may take place. On the other hand, since the fiexible substrate 110 has flexbili^. It functions as so called 

10 a diaphragm. The oscillalor 1 30 is constituted with a material having a weight sufficient to produce a stable oscillatkxi. 
For convenience of explanation, consideration wilt be made in connectbn with an XYZ three-dimensional coordinate 
system in which the gravity position O of oscillator 1 30 is assumed as the origin. Namely. X^ts is defined in a right 
direction of the figure. Z-axis is defined in an upper direction thereof, arxl Y-axis is defined in a direction perpendicular 
to plane curf ace of paper. It ran be kaiH thsti Fig 6 is n cross sectk>r\al view cut along the XZ olane of the sensor, ft iS 

IS to be noted that, in this emtxxliment, the fiextole substrate 11 0 and the fixed substrate 120 are both constituted by an 
insulating material, in the case vt/here there is a necessity of constituting these substrates with a conductive material 
such as metat, etc., It is sufTicleni to form respective electrode layers through insulating fiinrts so that these electrode 
layers are not short-circuited. 

The shape and the arrangement of the lower electrode layers F1 to F5 are ctearly shown in Fig. 7. Fig. 7 is a top 

80 view of the flexible substrate 1 10, and the manner how fan«haped lower electrode layers F1 to F4 and a circular bwer 
electrode layer F5 are arranged is clearly shown. On the other hand, the shape and the arrangement of the upper 
eloctfode layers Cl to EE ero cloorly oKown in Fig. 8. Fig. G ic a bottom view of the fixed cubetrate 120. and the manner 
how fan-Shaped upper electrode layers El to E4 and a circular upper electrode layer ES are arranged is clearly shown. 
The upper electrode layers El to E5 and the bwer electrode layers F1 to F5 have the same shape, and are formed at 

2S positkxts opposite to each other, respectively. Accordlngty. electrostatic capacitance element are formed by corre* 
sponding pairs of c^posite electrode layers. Eventualty, five electrostatic capacitance elements in total are formed. 
These electrostatic capacitance elements are called electrostatic capacitance elements CI to CS. For example, an 
element formed by the upper electrode layer El and the lower electrode layer F1 is called an electrostat'c capacitance 
elemeritCI. 

ao ■ 

<1 . 2> OscUlation Mechanism Of OsciHator 

Let now study what pheriomenon takes place in the case where a voltage is applied across a predetermined- pair 
ol eiecirooes 01 tne ser^sor. First, consioeratlon wiU be inaUe iii the caz^ wiiuie a predetermined voltage b applied 

3$ across the electrode layers El , F1. For example, as shown in Fig, 9, when a voltage is applied so that the electrode 
layer El skJe is positive and the electrode layer F1 side is negative, the both elecUode layers undergo an attractive 
force based on Coulomb force exerted therebetween. As previously described, flexible substrate 110 is a substrate 
having flexibility. Accordingly, bending takes place by such an attractive force. Mamely. as shown in Fig. 9, the flexible 
substrate 11 0 is mechanicaliy deformed so that the distance between the electrode tayere El , F1 across which voltage 

40 is applied is contracted. When such a mechanical deformation takes place In the fiexible substrate. 11 0. oscillator 1 30 
produces a displacement by /0( in the positive direction of the X-axis. 

Consideration will be then made in the case where a predetermined voftage is appfteo across vie etectroae layers 
E2. F2. For example, as shown in Fig. 10, when a voltage is applied so that the electrode layer E2 side is positive and 
the etecuode F2 side is negative, these electrodes undergo an attractive force exened therebetween. Thus, the fiexible 

4S substrate 110 is mechanically deformed so that the distance between the electrode layers E2. F2 is contracted. As a 
result, the oscillator 130 produces a displacement by -AX in the negative direction of the X-axis. Eventually, when a 
voltage is applied across the electrode layers El. F1, the oscillator 130 undergoes a displacement in the positive 
direction of the X-axis. On the other hand, when a voltage is applied across the electrode layers E2, F2. the oscillator 
130 undergoes a displacement in the negative directkyt of the X-axis. Accordingly, by interchangeably carrying out 

BO application of voltage across the elecUode layers El . Fl and application of voltage across the electrode layers E2. F2, 
it is possible to reciprocate the oscillator 1 X in the X-exis direction. 

f^eanwhile, as ehown in Figs. 7 and B. the above^escribed electrodes El , Fl ; E2. F2 are electrode layers arranged 
on the X-axis. On the contrary, the electrode layers E3, F3, E4. F4 are arranged on the Y-axis. Accordingly, it can be 
easily understood that an approach is employed to interchangeably carry out application of voltage across the electrode 

s$ layers E3^ F3 and ^pplicatnn of voltage across the electrode layers E4, F4, it is possible to reciprocate the oscillator 
130 In the Y-axis direction. 

6ubooquontly, ooncideration wUI be made in connection with th« rate whnra a prartatarminart voltage if; appliari 
across electrode layers E5, F5. For example, as shown in Fig. 11 . when a voltage is applied so that the electrode layer 
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E5 side is positive and the electrode layer F5 side is negative, these electrodes undergo an atiraciive force exerted 
tiieiebetwutni, »o HeAiUie ttuUsKaie 110 is inectiuniudiiy deiutnwd su timi Uie disiance between the elearode layers 
E5, F5 is contracted. Since these electrode layers E5. F5 are both positioned at centers of respective substrates, there 
takes place a displacement such that the flexible substrate 110 urxlergoes parallel displacement in the Z-axis direction 

S without being inclined. As a result, the oscillator 1 30 produces a displacement by AZ in the positive direction of the Z- 
axis. wnen appticaiKx) of vonage across me ootn eiearooe layers E6, Ft is stopped, tne osciitator luu returns to me 
original position (position shown in Fig. 6). Accordingly, by intermtttently carrying out application ot voltage across the 
both electrode layers E5, F5, it is possible to reciprocate the oscillator 130 in the Z-axis direction. 

As stated above, when application o1 voltage is carried out v^h respect to a specific set of electrode layers at a 

IV epecflic timing, it is possible to oscinate the oscitiator 1 3U along me X-axis, the Y-axis and the Z-axis. U is to be noted 
that w^Be it has been described that voltage is applied so that the upper electrode layers El to ES side are postt'ive 
and the lower electrode layer F1 to F5 side are negative, even if the polarity is caused to be opposite to the above, an 
attractive force is also exerted, with the result that the sarne phenomenon takes place. 

Eventually, in order to allow the oscillator 130 to produce oscillation Ux in the X-axis direction, it is sufficient to 

15 apply a voltage V1 having a waveform as shown in Fig. 12 across the electrode layers El , F1, and to apply a voltage 
V2 having a waveform as shown in Fig. 12 across the electrode layers E2. F2. When voltages of such waveform are 
applied, a displacement aX as shown in Fig. 9 is produced in the oscillator 130 at time periods t1, t3. tS, and a dis- 
placement •AX as shown In Fig. 10 is produced in the oscillator 1 30 at time periods t2, t4. Similarty. in order to allow 
the oscillator 1 30 to produce oscillation Uy in the Y-axis direction, it is sufficient to apply a voltage V3 having a waveform 

so as shown in Fig. 1 3 across the electrode layers E3. F3. and to apply a voltage V4 having a waveform as shown in Fig. 
1 3 across the electrode layers E4, F4. In order to allow the oscaiator 1 30 to produce oscillation Uz in the Z-axis direction, 
it is sufTicieni to apply a voltage V5 having a waveform as shown In Fig. 14 across the electrode layers E5. F5. When 
voltage V5 of such a waveform is applied, a displacement AZ as shown in Fig. 11 is produced in the oscillator 1 30 at 
time periods t1 . t3. tS. and the oscillator 1 30 returns to the position shown in Fig. 6 by a restoring force of the flexible 
substrate 110 at time periods t2, t4 (At this time, a disptecement -AZ corresponding to an inertia force is produced). 

<1 . 3> Mechanism For Detecting Coriofis Force 

1 . 3. 1 Coriolis force tiased on angular velocity cox alXHrt the X-axis 

JO 

Subsequently, the mechanism for detecting a Coriolis force exerted on this sensor by making use of changes of 
electrostatic capacitance wrill be descrbed. Initially, consideration is made in connection with the phenomenon that an 
angular vekxtty asx about the X-axis is exerted on the sensor: For example, in the case wrfiere object 20 shown in Fig. 
2 is carrying out rotatonal movement at an angular velocity m about the X-axis, if this sensor is mounted on the object 

^ 20t angular velocity (component) uxx about the X-axis is exerted on the oscillator 130. Meanwhile, as explained with 
reference to Fig. 3. when the oscillator is caused to produce osdllation Uz in the Z-axis directnn in the state where 
angular velocity cox about the X-axis is exerted, a Coriolis force Fy is produced in the Y-axis direction. Accordingly, 
when an approach is empk^yed to apply a voltage V5 having a waveform as shown in Fig. 14 across the electrode 
layers ES, F5 of this sensor, and to allow the osciitator 130 to produce oscillation Uz in the Z-exis direction, a Coriofis 

*o force Fy must be produced in the Y-axis directton. 

Fig. 15 is a side cross secttortal view showing the state where a mechanicat deformation is produced in the flexible 
substrate 110 by this Coriolis force Fy. When the osclHator 130 is oscillated in the Z-axis direction in the state wftere 
the entirety at the sensor rotates at angular velocity m about the X-axis' (in a direct kn perpendicular to plane surface 
of the figure), a Coriofis force Fy is produced in the Y-axis direction, so a force for moving the oscillator 130 i^ the Y> 
axis direction is applied. By this force, the flexible substrate 11 0 is deformed as shown. Such deformation deviating in 
the Y-axis directk3n is not based on Coulomb force between electrode layers, but results from Coriolis force Fy. Wilh 
respect to a voltage applied across the electrode layers, voftage V5 as shown in Fig. 14 is only applied across the 
electrode layers E5. F5 as described above, but any application of voltage is not carried out with respect to other pairs 
of electrode layArs. In thk raiM. nintM ttne Cnrk^is Irvr^e Fy prodiicArl tAkm; u vnlun pmporlinnjil In th« nngitUr vAkieity 

SO component oix. if the value of the Corkilis force Fy can be measured, il is possble to detect the angular veloctty com- 
ponent ca x. 

In view of this, the Coriolis force Fy is measured in accordance with the foltowing method by making use of a 
ehango of «lectroctatic capacftancte. Lot now eoncUor Iho dlctancoc botwoen ttie upper otoctrodo layorc £l to CS aryl 
the tower electrode layers F1 to F5. Since the oscillator 130 oscPlates in upper and lower directions of Fig. 15. con- 
traction and expansion of the distance between both the electrode layers are cyclicaily repeated. Aocordtnglyi the 
phenomenon that capacitance values (which are assumed to be ndiCBted by the same reference numerals C1 to C5) 
cl tho oapacitonco olomontc Cl to C6 conctttutod with the upper oteetrodo layorc El to EG ond the lower oloetrode 
layers F1 to F5 all cycfically increase or decrease wiD be repeated. However, a deformation deviating in the Y-axis 
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direction always will be produced in the flexible substrate 110 by action of the Cofioiis force Fy. As a result, the oscillator 

ISO occillatoc upwardly and downwardly while cuoh a doformed ctate ic kept. Namoty, tho olootrodo opocing (dbtorwe) 

o1 the capacitance element C3 b always smaller than the electrode spacing (distance) ol the capachatKe element C4. 
Between the capacitance value C3 and the capacitance value CA, the relationship expressed asC3 > C4 always holds. 

S Since a difference AC34 between the capacitance values C3 and C4 is dependent upon the degree of deviation in the 
V-axis direction, it provideo a vohie indieoting the magnitude of the Corlolia force Fy. In other woide, the gittstet Uie 
CorioKs force Fy is. the greater the drfference AC34 Is. 

Summary of the procedure for detecting angular velocity (component) (ox about the X-axis described above b as 
follows. First, a voltage VS of a waveform as shown in Fig. 14 is applied across the elecuode layers ES. F5 to allow 

10 oscillator 1 30 to produce oscillation U2 'm the Z^exis direction, thus to determine a capacitance value difference AC34 
between the capacitance elements C3. C4 at that time point. The difference AC34 determined in this way indicates a 
detected value of angular velocity component ok to be determined. Since the electrode layers E5, F5 used for produchg 
oscillation and the electrode layers E3. F3; E4, F4 used for measuring capacitance value differences are electrically 
compieiefy tna&penoom, there is no possibony mat any imenerence may taKe place oeiween the osaiiation mechanism 

IS and the detection mechanism. 

1. 3. 2 Cortolis force based on angular velocity coy about the Y-axis 

Let consider the phenomenon in the case where angular velocity coy about the Y-axis is exerted on this sensor. As 

so explained with reference to Fig. 4. when the oscillator is caused to produce oscillation Ux in the X-exis direction in the 
state where angular velocity a)y about the Y-axis is exerted, a CorioPs force Fz is produced in the Z-axis direction. 
Accordingly, when an approach is employed to apply a voltage VI and a voltage V2 having waveforms as shown In 
Fig. 1 2 across the electrode layers El, F1 and across the electrode layers E2, F2 of this sensor, and to allow oscillator 
130 to produce oscillation Ux in the X-axis direction, a Coriolis force Fz must be produced in the 2-axts direction. 

^ Ftg. 16 is a side cross sectional view showing the state where a mechanical deformation is produced in the flexible 

substrate 110 by thb Coriolis force Fz. When the oscillator 130 is oscillated in the X-exis directbn in the state where 
the entirety of this sensor rotates at an angular velocity <ay about the Y-axis (tn a direction perpendicular to plane surface 
of paper of the figure), a Coriolis force fz is produced in the Z-axis direction, so a force for moving the oscillator 130 
in the Z-axis direction is applied. By this force, the flexible substrate 110 is deformed as shown. Such deformation 

so deviating in the Z-axis direction is not based on Coulomb force between electrode layers, but results from CorioUs force 
Fz. Wth respect to application of voltage across electrode layers, as described above, voltages VI , V2 as shown in 
Fig. 12 are only applied across the electrode tayersEl, F1; E2, F2, butany voltage is not applied across other electrode 
layers. Since the Corblts force Fz produced indicates a value proportional to angular velocity cay. If the value of the 
Coriolis force Fz can be measured, it is possible to detect angular velocity (component) oiy. 

ss The value of the Coriolis force Fz can be determined on the basis of capacitance value C5 of the capacitance 

element C5 formed by the upper elecUode layer E5 and the lower electrode layer F5. This is because there can be 
obtained the relationship that according as the Coriolis force Fz becorrms greater, the distaru:e between both the elec- 
trode layers is contracted, so the capacitance value C5 becomes greater, whereas according as the Coriolis force Fz 
becomes smaller, the distance between both the electrode layers is expanded, so the capacitance value C5 becomes 

40 small. It is to be noted that the oscillator 1 X oscillates in the X-axis direction, but this oscillatbn Ux exerts no influence 
on measurement Of capacitance value C5. When the osciOator 1 30 oroduces a displacement in a positive direction or 
in a negative direction of the X-axis, the upper electrode layer E5 and the tower electrode layer F5 are placed in non- 
parallel state. However, since the distance between both the electrode layers is partially contracted arid is partially 
expanded, the oscillation Ux has no influence on the capacitance value C5 as a whole. 

45 Summary of the procedure for detecting angular velocity component toy about the Y-axis described above is as 

follows. First, vottages Vi and V2 ot waveforms as shown in Fig. 12 are applied across the electrode layers El, F1; 
E2, F2 to allow the oscillator 130 to produce oscillation Ux in the X-axis direction, thus to determine a capacitance 
value of the capacitance element C5 at that time point. The capacitance value C5 thus deternruned indicates a detected 
value ot angular velocity (component) (oy to be determined. Since the electrode layers El , F1 ; E2, F2 used for producir^g 

80 oscillation and the electrode layers E5. F5 used for measuring a capacitance value are electrically completely inde-. 
pendent, there is no possibility thai any interference may take place between the oscillation mechanism and the de- 
tection mechanism. 

1. 3. 3 Corfolts force based on angular velocity ffiz about the Z-axis 

ss 

Finally, let consider the phenomenon in the case where angular velocity component cdz about the Z-exis is exerted 

on Ihia aonsof. Aa explained with refererwe to Fig. S, when the oscillator te ceuaed to produce o^-tDatkJii Uy iti Uw Y'^ 

axis direction in the state where angular velocity component an at>oui the Z-axis is exerted, a Corblis force Fx is 
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produced in the X-axis direction. Accordingly, when an approach is employed to apply voltages V3. V4 having wave- 

fofms &£ shown in Fig. 19 acrocc tho eloctrorf« layArc E3, F9 anrl arroRft thft nlAftlrnrlA (ayArft Fd, F4 of this senftor. 

and to allow the oscillator 130 to produce oscillation Uy in the Y-axis direction, a Coriolis force Fx must be produced 
in the X-axis direction. 

6 Fig. 17 is a side cross sectional view showing the state where a mechanical deformation is produced in the flexible 

aubstrotc 110 by thia Coriolio foroo Fx. Whon the ocoillator 190 ic oceUlatod in the V«xk direction (in a direction per. 

pendicular to plane surface of paper) in the state where the entirety of this sensor rotates at angular velocity ua. about 
the Z-axis. a Coriolis force Fx is produced in the X*axls direction, so a force for moving the oscillator 1 30 In the X-axis 
direction is applied. By this force, the flexible substrate 110 is deformed as shown. Such deformation deviating in the 

10 X'axis direction is not based on Coulomb force between electrode layers, but results from the Coriolis force Fx. Since 
this Coriolis force Fx indicates a value proportional to the angular velocity component (oz. if the value of the Coriolis 
force Fx can be measured, it is possible to detect angular velocity coz. 

This Coriolis force Fx can be measured by making use of a change of electrostatic capacitance similarly to the 
c;oriotts force Fy. Namely, wnile me previously oescrit>eO Conolis rorue Py can be OeieinttiiMJ by Uib Jiffuioiiuv AC34 

IS between the capacitance values 03 and 04, Coriolis force Fx can be determined by a diflerence AC12 between the 
capacitance values 01 ar>d C2 on the basis of exactly the same principle as the above. 

SurrvT^ry ol the procedure for detecting arigular velocity coz about the Z-axis descrbed above is as follows. First, 
an approach is employed to respectively apply voltages V3 and V4 of waveforms as shown in Fig. 13 across the 
electrode layers E3. F3 and across the electrode layers E4. F4, and to allow the oscillator 1 30 to produce oscillation 

so Uy in the Y-axis direction, thus to determine a capacitance value difference ACl 2 between the capacitance elements 
CI . C2 at that time point. The difference AC12 thus determined indicates a delected value of angular velocity coz to be 
determined. Since the electrode layers E3. F3; E4. F4 used tor producing oscillation and the electrode layers bl , F1 ; 
E2, F2 used for measuring a capacitartce value diflerence are electrically completely irKJependent, there is no possibilliy 
that any interference may take place t)etween the oscillation mechanism and the detection mechanism. 

25 

<1 . 4> Circuit For Detecting Coriolis Force 

As described above, in the sensor accorcfing to the first embodiment, angutar velocity cox about (he Xsxis is de- 
tected by determining a difference AC34 between capacitance values C3 and 04; angular velocity coy about the Y-axis 

30 is detected by determining capacitance value CS; and angular velocity am about the Z-axis is detected by determining 
a difference ACl 2 between capacitance values CI and C2. In view of this, an example of a circuit suitable for measuring 
^ a capacitance value or a capacitance value diflerence as described above is disclosed. 

FiQ. 1 8 shows an example of a circuit for measuring capacitance value ot capacitance element 0. A signal delivered 
to an input terminal Tl is branched into slgrwls in two paths, and these signals are respectively passed through inverters 

95 161 and 152. In the lower path, the signal passed through the inverter 152 is further passed through a delay circuit 
comprised of a resistor 1 53 and a capacitance element 0. resulting in becoming one irv>ut signal of an Exclusive OR 
circuit 1 54. In the upper path, the signal passed through the inverter 151 results in becoming the other input signal of 
the Exclusive OR circuit 154 as it is. A logical output of the Exclusive OR circuit 154 is delivered to an output terminal 
T2. In this example, the inverter 152 is an element provided for the purpose of providing sufficient drive ability with 

40 respect to a delay circuil comprised of resistor 153 and capacitance element C. In addition, the inverter 151 is an 
element protftded for the piirpnite ml Allrwvlno the upper and lower paths to have the same condition, and is an element 
having the same operating characteristic as that o< the inverter 152. 

Consideration will be made in connection with the case where wheri an a.c. signal of a predetermined period is ' 
delivered to the input terrrunal Tl in such a circuil. what signal can be obtained on the output terminal T2. Fig. 19 is a 

45 timing chart showing waveforms appearing on respective portions in the case w^ere a rectangular a.c. sigr\al of a half 
periodf is delivered to the input terminalTl (Although rounding occurs in a rectangular wave in actual, such a waveform 
is indicated as a pure rectangular v^ve for convenience of explanation) in this exarriple. The waveform on the node 
N1 , which is one input terminal ot the Exclusive OB circuit 154, is an inverted waveform delayed by a tirhe e required 
(or which e bigtial ib pe5&ed through the inverter 161 with reapoot to the wovcform dclivorcd to the input terminal Tl. 

SO On the other tiand, the wavetorm on the node N2. which is the other input terminal of the Exclusive OR circuit 1 54, is 
an inveited waveform delayed by a tithe in total (a-fb) ol a time a required for which a signal is passed through the 
inverter 152 and a time b required lor which a signal Is passed through the delay circuit comprised of the resistor 153 
and the capacitance element C with respect to the wavefomn delivered to the input temtinal Tl . As a result, the output, 
waveform of the Exclusive OR circuit 154 obtained at the output terminal T2 is a wavetorm having a pulse width b and 
a period f as shown. When h is now assumed that the capacitance va/ue d the capacilance efemenl C varies, any 
change takes place in the delay time b of the delay circuit comprised of the resistor 1 53 and the capacitance element 
C. Accordingly, the pulse width thus obtaned is equal to a value inaicaitng capacitance vatue ot me capacitance etemem 
C. 
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Fig. 20 shows an example of a circuit tot measuring a difference AC between capacitance values of two capacitance 
elements C1, C2. A signal delivered to an input terminal T3 is branched into signals in two paths, and these signals 
are respectively passed through inverters l6l and 162. In the upper path, the signal passed through the inverter 161 
is further passed through a delay circuit comprised of a resistor 163 and a capacitance element CI, resulting in one 

S input signal of the Exclusive OR circuit 165. In the bwer path, the signal passed through the inverter 162 is further 
passed through a delay circuit comprised of a resistor 164 and a capacitance element 02, resulting in the other input 
signal of the Exclusive OR circuit 165. A logical output of the Exclusive OR circuit 165 is delivered to output terminal 
T4. In this example, the inverters 161 . 162 are an element provided for the purpose of providing sufficient drive ability 
with respect to a delay circuit of the succeeding stage, and the both inverters have the same operating characteristic. 

TO Let now consider what signal can t>e obtained at an output terminal T4 in the case where an a.c. signal of a 

predetemuned period is delivered to the input terminal T3 in such a circuit. As shown in Fig. 21 . when a rectangular 
a.c. signal is delivered to input temiinal T3, the wavefomi on node N3, which is one input termir^at of the Exclusive OR 
circuit 1 65, is an inverted waveform having a predetermined delay time d1 . Similarly, the wavefonn on node N4, which 
is thn other input terminal, is an invertod waveform having a predetormtnod delay time d2. Ae a recuU, ^e output 

f 5 waveform of the Exclusive OR circuit 1 65 obtained at the output terminal T4 is a waveform having a pulse width d as 
shown. Here, the pulse width d is a value corresponding to a difference between delay times d1 arul d2, and takes a 
value corresponding to difference AC between capacitance values of the ivra capacitance elements 01 , 02. Thus, the 
capacltarteo vatuo difforonoo AC can bo obtained ac puleo width d. 

SO <l.5>Modiricatlon1 

In the obove-deocribed eeneor occording to the firel omtTodtment, on attractivo force tioatiJ ui Couluiib hMW b 

exerted to the oscillate oscillator 1 30. For example, in the case of oscillating the oscillator 1 30 in the X-axis directkjn. 
it is sufTicient that the first state where charges having polarities opposite to each other are delivered to both the elec- 
trode layers E1, F1 so that an attractive force is exerted therebetween as shown in Fig. 9 and the secor>d state where 
charges having polarities opposite to each other are delivered to both the electrode layers E2, F2 so that an attractive 
force is exerted therebetween as shown in Fig. 10 are repeated reciprocally. However, in order to still more stabilize 
such an oscillation, it is preferable to exert a repulsive force along with an attractive force. When an approach Is 
employed, as shown in Fig. 22, for example, to respectively deliver positive and negative charges to the upper electrode 

M layer El and the lower electrode layer Fl to allow both the electrode layers to undergo an attractive force exerted 
therebetween, and to deliver negative charges to both the upper electrode layer E2 and the lower electrode layer F2 
(or to deliver positive charges to both the electrodes) to aDow both the electrode layers to undergo a repulsive force 
exerted therebetween, it is possftjie to carry out, in more stable manner, the operation for allowing the oscillator 130 
to undergo displacement by AX in the positive direction of the X-axis. The state shown in Fig. 9 and the state shown 

SS in Fig. 22 are the same in that the oscillator 130 is caused to undergo displacement AX. However, the former is de* 
pendent upon a force exerted on one portion, whereas the latter is dependent upon a force exerted on two portions: 
Therefore, the latter is nx>re stable than the former. 

Similarly, as shown in Fig. 10, also in the case where the oscillator 130 is caused to undergo displacement by -AX 
in the negative direction of the X-axis, when an approach is employed, as shown in Fig. 23, to respectively deliver 

40 positive charges and negative charges to the upper electrode layer £2 and the tower electrode layer F2 to aDow both 
the electrode layers to undergo an attractive force exerted therebetween, and to deUver negative charges to both the 
upper electrode layer El and the lower electrode layer Fl (or to deliver positrve charges to both the electrodes) to 
allow both the electrode layers to undergo a repulsive force exerted therebetween, the operation can be stlD more 
stabilized. Eventually, when an approach Is employed to del'rver cfiarges of a predeterrifiine polarity to respective elec- 

45 trode layers at a predetermined timing so that the first state shown in Fig. 22 and the second stnte shown in FiQ. PS 
are repeated reciprocally, it is possible to oscillate the oscillator 130 in the X-axis direction in a stable manner. Also In 
the case of oscillating the oscillator 1 30 in the Y-axis direction, its operation is exactly the sarne as the atx>ve. 

Let consider the case where the oscillator 1 30 is oscillated in the Z-axis direction. In the previously described 
emtxxfiment. the first state where positive cfiarges and negative charges are respectively delivered to the upper elec* 

BO trode layer E5 and the lower electrode layer F5 to allow both the electrode layers to undergo an attractive force exerted 
therebetween as shown in Fig. 1 1 and the neutral state where no charge is delivered to any electrode layer are repealed 
reciprocally so that oscHlaiion Uz is produced. Abo in this case, by making use d a repulsive force between both 
electrode layers, the operation can be more stabilized. Mamety. when an approach is employed as sfwwn in Fig. 24 
to deliver positive charges to ttoth the upper electrode layer E5 and the lower electrode layer F5 (or to deliver negathre 

5S charges to both the electrode layers) to allow both the electrode layers to undergo a repulsive force exened therebe- 
tween, the oscillator 130 produces a displacement -A2 in the negative direction of the Z-axis. In view of this, when an 
approach is employed to deliver, at a predetermined timing, charges of a predetermined polarity to respective electrode 
layers so that the first state shown in Fig. 11 and the second state shown in Fig. 24 are repeated reciprocally, it becomes 
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possible to oscillate the osci/iator 1 30 in a siabtJized manner in the Z<exis direction. 

While it 18 possible to easily deliver charges of polarities opposite to each other to a pair of opposite electrode 
layers, it is necessary tomalce a panicular device In order to deliver charges ol the same poianty. Namely, a is sunteteni 
to apply a predetermined vohage across both electrode layers in order to deliver charges of polarities opposite to each 

5 other, but such a method cannot be applied in order to deliver charges of the same polarity. To solve this problem, 
there may be employed a method in which respective electrode layers are caused to be ol a double layer stnicture 
through dielectric substance. Fig. 25 is a side cross sectional view of a sensor employing such a structure. Lower 
electrode layers F1 to F5 are formed on the upper surface of a dielectric substrate 171 , and auxiliary electrode layers 
FIB to F5b are formed between the dielectric subslrate 171 and the flexible substrate 110. The auxiliary electrode 

10 layers Fla to FSa have the same shape as ^t of the lower electrode layers Fl to F5. and are arranged at the same 
positions, respectively. Similarly, upper electrode layers El to E5 are formed on the lower surface of a dielectric sub- 
strate 172. and auxiliary electrode layers Ela to E5a are formed between the dielectric substrate 172 and the fixed 
substrate 120. The auxiliary electrode layers Ela to E5a have the same shape as that of the upper electrode tayem 
El to E5 nnH arp nrrnngnd at the Mtne positions, respectively. 

IS If such a double layer structure is employed, it is possible to allow specific electrode layers to undergoan attractive 
force exerted therebetween, or to altow them to undergo a repulsive force exerted therebetween without constraint. 
This is indicated by using an actual example. Fig. 26 is a view showing only extracted portions of respective electrode 
layers and respective dielectric substrates in the sensor shown in Fig. 25. For example, in the case where there is a 
desire to allow the electrode layers El . Fl to undergo an attractive force exerted theret>etween, It is suriclent to apply 

SO a voltage V across both the electrode layers so that charges of polarities opposite to each other are delivered thereto. 
On the contrary, in the case where there is a desire to allow the electrode layers E2. F2 to undergo a repulsive force 

exerted thorobotwoon, H ic cufTiciont to apply a voltage acrocc ti^e auxiliary cubctratos E2a. P9a nnrianrnfts tha nlactrnrte 

layers E2, F2 as shown. Since voltage V is applied with the dielectric substrate 171 being put between the auxiliary 
electrode layer and the electrode layer, negative charges are produced in the electrode layer F2 and positive charges 

2S are produced in the auxiliary electrode layer F2a. Similarfy. since voltage V is applied with the dtelecUic substrate 172 
being put between the auxiliary electrode layer and the electrode layer, negative charges are produced in the electrode 
layer E2 and positive charges are produced in the auxiliary electrode layer E2a In this way. charges of the same 
polarity are delivered as a result to bolh the electrode layers E2. F2. Thus, both the electrode layers are permitted to 
undergo a repulsive force exerted therebetweea 

ao . 

<1.6> Modification 2 

The above-described rrKxJification 1 somewfiat becomes complex in structure than the sensor shown in Fig. 6. Or^ 
tne contrary, R^mcaikm 2 OesctttjeU beluw ta directed to e »enaor in which the structure of the sertsor ohown in Fig. 

35 6 is more simplified. Namely, in the sensor ol the modification 2, as shown in Fig. 27, a single common eiecUode layer 
EO is formed In place of the upper electrode layers El to E5. This common electrode layer EO is a disk-shaped 
electrode layer having such dimensions to face an of the lower electrode layers Fl to F5. Even If electrode layers on 
one side are formed as a single common electrode layer as stated above, when a potential on this common electrode 
layer side is always taken as a reference potential, no obstruction takes place in the operation of this sensor. For 

40 example, in the case of applying a voltage across a specific pair of electrode layers in. order to alk>w the oscillator 1 20 
to produce oscillation. It is sutTicient that the common electrode layer EO side is grounded to deliver a voltage to a 
predetomiined electrode layer of the tower e(ectroae layers M to Fo. Funner. atso tn me case ol aeiecitng Conotis 
force on the basis of change of capacitance value, it is sufficient that the common electrode layer EO side is similarly 
grounded to handle respective capacitance elements CI to C5. 

45 As stated above, the five upper electrode layers El to E5 are replaced by the single common electrode layer EG, 
thereby pemiitling mechanical structure ol the sensor and/or necessary wiring thereof to be nwre simple. Further, it 
fixed substrate 1 20 is constituted with a conductive material such as metal, etc.. the tower surface of the fixed substrate 
120 can be used as the common electrode layer EO. For this reason, the necessity of purposely fomiing the common 
electrode layer EO as a separate body on the lower surlace of the fixed substrate 1 20 is eliminated. Thus, the structure 

so becomes simpler. 

While the example where the upper electrode layers El to E5 sides are replaced by the common electrode layer 
EO has been described, the lower electrode layers Fl to F5 sides may be replaced by a common electrode layer FO 
In a manner opposite to the above. 
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§2 SECOND EMBODtMENT 

<2. 1> Structure Ot Sensor According To Second Embodiment 

S Subsequently, a muUi-axial angular velocity sensor according lo a second embodiment ol this invention wli be 

riftSftribed. This ftAcnnd AmbndimAnt is Also thfi MmA as the Abov»4lAscrihAr1 tttuiMv nf IhA finti AmhrviimAnt in that n 
mechanism utilizing Coulomb's force is used as the oscillating mechanism and a nnechanism utilizing change of elec* 
trostatic capacTtance is used as the detecting mechantsra It should be noted that its structure Is comprised of a plurality 
of substrates stacked, and is therefore more suitable for mass production. 

10 Pig. 26 is s ftido cross codional viow of the multi-axial angular volocity consor according lo th« cocond ombodirrtont. 

This sensor includes, as its main components, a first substrate 210. a second substrate 220, and a third substrate 290. 
In this embodiment, the first substrate 210 is comprised oi a silicon substrate, and the second and third substrates 220 
and 230 are comprised of a glass substrate. Respective substrates are connected to each other by anodic bonding. 

The first cubstrato 210 is a substrate serving as tho center role of this sensor. Fig. 20 is a (op view of tho firct eubctrato 

210. As clearly shown in Fig. 29, L-shaped opening portions Hi lo H4 are provided in the first substrate 210. Respective 
opening portions Hi to H4 have a taper shape such that the widths become broader according as the positions thereof 
shift in a lower direction. The side cross sectional view cut along cutting lines 28-28 in Fig. 29 is Fig. 28, and the side 
cross sectional view cut along the cutting lines 30-90 is Fig. 30. The cross sections in a taper shape of opening portions 
H3, H4 are shown in Fig. 30. In Fig. 29. the inside square portions encompassed by the four L-shaped opening portions 

so HI to H4 constitute an oscillator 21 1 . and the outside portions of the L-shaped opening portions Hi to H4 constitute a 
support frame 21 3 with respect to the oscillator 211. The oscillator 211 is connected at four portions with respect to 
the support frame 213. These four connecting portions sen/e as a bridging portion 212. In other words, the square 
oscillator 211 Is in hanging state by the bridging portions 212 at four portions. In addition, as shown in Fig. 28 or 30. 
the bridging porticyi 212 is a member in a very small thin plate form as compared to the original thickness of the first 
substrate 210. thus providing flexibility. For this reason, the oscillator 211 can move with a certain degree of freedom 
in the state where it is hung by the bridging portions 212. On the upper surface of the oscillator 211, as shown in Fig. 
29, five lower electrode layers G1 to 65 are formed. These k>wer electrode layers G1 to G5 perform, similarly to the 
lower electrode layers F1 to F5 in the prevkMisly described sensor of the first embodiment, the functkm for allowing 
the oscillator 211 to be oscillated and the function for detecting a CorioTis force exerted on the oscillator 211. 

30 A second substrate 220 lunctons as a pedestal tor supporting the peripheral portion of the first substrate 210. To 

realize this, a recess 221 is formed at the portions except for the peripheral porton of the upper surface of the second 
substrate 220. By formation ot this recess 221 , the oscillator 211 can be kept in a hanging state without being in contact 
■ with the second substrate 220. 

A third substrate 230 functk)ns as a cover lor coverirtg the upper surface of the first substrate 210. The boftom 

35 view ot the third substrate 230 is ^own in Fig. 31 . The tower surtace of the third substrate 230 is dug exc^t for a 
small poriky) therearound. and an upper electrode layer GO is lormed on the dug surface 231. The upper electrode 
layer GO is square, and is placed in the state where it is faced to all the lower Electrode layere G1 to G5 as indicated 
by the ekte cross sectnnat view of Fig. 28 or Fig. 30. This lower electrode layer GO corresponds to the common electrode 
layer EO of the sensor of Fig: 27 shown as rrKxJificatksn 2 hihe prevkxjsly desc^ed first embodiment 

^ Such sensors comprised of three substrates are suitable for mass productkxi. Namely, machining (or chemical 
processing such as etching, etc.) may be indivkluatly implemented to respective substrates thereafter to form electrode 
layers or wiring layers to connect and combine them. If a silicon substrate is used as the first substrate 210, the electrode 
layers G1 to G5 may be formed by a diffused layer. Further, the electrode layer GO may be fomned with a vacuum 
depositkyt layer such as aluminum. In this way, electrode layers or wiring layers may be formed by general semkxih- 

45 ductor planar process. 

<2. 2> Mechanism For Oscillating Oscillator 

The sensor of this embodinneni is the same as the previously described sensor ol the first embodimeni in that an 
so approach is employed to apply a predetemilned vonage. at a predetermined timing, to the five lower electrode layers 
G1 to G5 formed on the oscillator 211 and the upper- electrode layer GO opposite thereto to thereby altow both the 

electrode layers to tmdergo Coulomb's force therebetween, thus making it possible to oscillate the oscillator 211 in a 
predetemnined direction. It is to be noted that anangement of electrode layers of the sensor of the second embodiment 
and that of the previously described sensor of the first embodiment are somewhat different. In the sensor of the first 
ss emtxxJiment, as shown in Fig. 7. the electrode layers F1. F2 are disposed on the X-axis and the electrode layers F3, 
F4 are disposed on the Y-axis. On the contrary, in the sensor of the second embodiment which will be described below; 
as shown in Fig. 29, the electrode layers Gl to G4 are all not disposed on the X-exis or the Y-axis. Namely, the electrode 
layers Gl to G4 are respectively arranged in first to fourth quadrants with respect to the XY plane. For this reason, a 



14 



EP0 662 601 B1 



method of applying a voltage required for oscillating the oscillator 211 ffi a specific direction is somewhat different from 
that of the previously described example. This voltage application method wilt now be described in a more practical 
manner. 

In order to oscillate the oscillator 211 in the X-axis direction, the fotlowing method is adopted. It is now assumed 
S . that a potential on the upper electrode layer GO is caused to be earth potential as a reference potential, and a pred6> 
termined voltage (e.g.. -^5V) is applied to the lower electrode layers Gl to G5. First, when voltages of 46 vofls are 
respectively applied to tx>th the bwer electrode layers Gl and G4, it is easily understood that the electrode layers Gl . 
GO and the electrode layers GA, GO are caused to respectively undergo attractive force exerted therebetween. Thus, 
the oscillator 211 is brought into the state where a displacement takes place in a positive direction of the X-axis. 
10 Then, potentials on the lower electrode layers G1 . G4 are caused to be a relerence potential tor a second time and 
vottages of 45 volts are respectively applied to both the lower electrode layers Q2 and G3. As a result, the electrode 
layers G2. GO and the electrode layers G3 and GO are caused to respectivety undergo attractive force exerted there- 
between. Thus, the oscillator 211 is brought into the state where a displacement ^AX takes place in a negative direction 
of the X-axis. When a predetermined votiage is applied to respective electrode layers at a predetermined timing so 
>5 that these two states are repeated one after another, It becomes possible to oscillate the oscillator 211 in the X-axis 
direction. 

In the case of oscillating the oscillator 211 in the Y-axis direction, an operation similar to the above is corKtuctedL 
First, when voltages of +5 volts are respectively applied to t>oth the lower electrode layers G1 and G2, It is easily 
understood that the electrode layers Gl, GO and the electrode layers G2; GO are caused to undergo attractive force 

to exerted therebetween, respectively. Thus, the oscillator 211 is brought into the state where displacement AY takes 
place in a positive direction of the Y-axis. Then, potentials on the lower electrode layers Gl, G2 are caused to be a 
reference potential for a second time and voltages of -fS volts are respectively appPted to both the lower electrode layers 
G3 and G4. As a result, the electrode layers G3. GO and the electrode layers G4. GO are caused to respectively undergo 
attractive force exerted therebetween. Thus, the osciUator 211 is brought into the state where displacement -AY takes 
place in a negative direction of the Y-axis. When a predetermined voltage is applied to respective electrode layers at 
a predetermined timing so that the atxuve-mentioned two states are repealed one after another, it becomes possible 
to oscillate the oscillator 211 in the Y-axis direction. 

In addition, in order to oscillate the oscillator 211 in the Z-axis, H is sufficient to employ the same method as (hat 
of the above-described sensor of the first emt)odiment. Mameiy. It Is enough to repeatedly carry out an operation to 

90 apply 45 volts to the tower electrode layer G5, or to altow an applied voltage to be 0 volts for a second time. 

<2. 3> Mechanism For Detecting Coriolis Force 

In the sensor according to the second embodiment, the prindple lor detecting Coriolis force exerted on the oscHlator 
9$ 211 resides in utilization of change of electrostatic capacitance similarly to the prevxxjsly described sensor according 
to the first embodiment. However, since there is a slight difference in the arrangement of electrode tayers. there is a 
sfiglhl difference 'vi combination of capacitance elements used as a detecting element. The corrtbirtation d capacitance 
elements will rtow be described in a more practical sense. It is here assumed that Five sets of capacitance elements 
constituted by combination of the lower electrode layers Gl to G5 and the upper electrode layer GO are respectrvety 
^ called capacitance elements C1 to C5 tor convenience ot explanatkxi, and capacitance values of these capacitance 
elements are simllarfy called CI to C5. 

A rT>ethod of detecting Coridis force Fx exerted in the X-axis wDI be first studied. In accordance with the electrode 
layer arrangement shown in Fig. 29. it can be easily imagined that when Coriolis force Fx in the positive direction of 
the X-axis is applied to the oscillator 211, the electrode layer spacing between the capacitance elements 01, C4 is 
45 contracted and the electrode layer spacing between the capacitance elements -C2. C3 is broadened. Accordingly, 
capacitance values CI , C4 increase, whereas capacitance values C2, 03 decrease. Then, if a difference of (C14C4)- 
(C24Cd)is obtairrad, this drtference takes a value corresponding to the Cork>lis force Fx. 

A method of detecting a Cornlis force Fy exerted in the Y-axis direction will now be studied. In accordance with 
the electrode layer arrongemoni shown in Fig. 20, tt oan be oootly imogtnod that when Coriotio forec Fy in the poeltive 
SO direction of the Y-axis is applied to the oscillator 21 1 , the electrode layer spacing between the capacitance elements 
C1. C2 is contracted, whereas the electrode layer spacing between the capacitance elements C3. C4 is broadened. 
Accordingly, capacitance values Cl, C2 increase, whereas capacitance values 03. 04 decrease. Then, If a difference 
of (Cl'rC2}-(C9^C4] l» obtained, this difference tokee a value correaponding to Coriolb force Fy. 

A method of detecting a Coriolis force Fz exerted in the Z-axis direction is the same as the detecting method In 
fi5 tbe previously described sensor of the first embodiment.. IMamely. a capacitance value 05 of the capacitance element 
05 takes a value indicating Coriolis force Fz. 

II is 10 be nolBd ihai, in Uie stmsui m Uiis widjudiiiiinil. biiice Um saiiw «lm;liuiie luyifi« aie wmObI itw wsiiie time 
for both the oscillating mechanism and the detecting mechanism, ft is required that a voltage supply circuit for producing 
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osciflation and a circuit for detecting a capacitance value varyinQ on the basis of Coridte force do npl interfere with 
each other. 

<2.4> t^fication 1 

s 

A sensor shown in Fig. 32 is a modification of the sensor according to the second embodiment shown in Fig. 28. 
In this modification, a fourth substrate 240 is further used in addition to the first substrate 210. the second substrate 
220 and the third substrate 230. The fourth substrate 240 is constituted by an escalator 241 and a pedestal 242. The 
oscillator 241 is a blocit in a square form when viewed from the top, and the pedestal 242 is a frame in such a fomi to 
10 surround the periphery thereof. The oscillator 241 of the fourth substrate is connected to the oscillator 211 of the first 
substrate, and these oscillators 211 and 241 function as a single oscillator as a whole. By adding fourth substrate 240 
in this way. mass of oscillator can be increased. Thus, detection of higher sensitivity can be made. It is to be noted 
that, in this modification, five upper electrode layers G6 to GlO are provided iri place of providing the cornmon upper 
oiectrode layer GO as electrode layers rYM>n!«iiA fn thn five lower electrode layers G1 to G5.. 

IS 

<2. 5> Modification 2 

A sensor shown in Fig. 33 is another modiTication of the sensor according to the second embodiment shown in 
Fig. 2B. The substrate functioning as the center of this sensor is a flexibie substrate 250. Fig. 34 Is a top view oC this 

so flexible substrate 250. As indicated by broken lines in the figure, an annular groove is formed at the lower surface of 
the flexible substrate 250. Since the portion where such groove is formed has a thin thickness, it has flexibility (which 
to indiceted ae o flsxible portion £52 n Fig. 33). It ic now occumed that the inside portion eneompacced by the annular 
flexible portion 252 is called a working portion 251 and the outside portion of the flexible portion 252 is called a fixed 
portion 253. On the lower surface of the working portion 251 . an oscillator 260 in a block form is fixed. Further, the 

28 fixed portion 253 is supported by a pedestal 270 and the pedestal 270 is fixed on a base substrate 280. Evenlualljft 
the oscillator 260 is placed in hanging state within a space encompassed by the pedestal 270, Since the flexible portion 
252 with a thin thickness has flexibility, the oscillator 260 can undergo displacement vwthin this space virith a certain 
degree of freedom. Further, a cover substrate 290 is attached at the upper portion of the flexible substrate 250 in such 
a manner to cover it while keeping a predetermined space. 

w . AS snown m Fig. 34, rhf« luwei ehnAiuiiB layarA F1 to F5 ere formed on the upper surface of flexible eubotrolo 260: 
These electrode layers have the same shape and the same arrangement as those of the lower electrode layers F1 to 
F5 In the sensor according to the first embodiment shown in Fig. 6. Further, a common upper electrode layer EO opposite 
to all the five lower electrode layers F1 to F5 is formed on the lower surface of the cover substrate 290. It is to be noted 
that smce the (^ration ol tnis sensor is equivalent to the opemttm i of the i>en&or ehown in Fig. 27, the detailed expls- 

ss nation is omitted here. 

63 THIRD EI^BODIMENT 

<3. 1> Structure Of Sensor According To Third Enrdxxfiment 

40 

Subsequently, a mult'i-axial angular velocity sensor according to the third embodiment of this invention vna be 
described. While the thinS embodiment is the same as (he previoirsfy described sensors of tne ucst ana secona em- 
bodiments in that mechanism utflizing Coukxnb's force is used as an oscillating mechanism, it is characterized in that 
mechanism utilizing a piezo resistance element is used as a detecting mechanism. 

45 Fig. 35 is a side cross sectional view of the mufti-axial angular velocity sensor according to the thind embodiment. 

This sensor includes, as major components, a first substrate 310. a second substrate 320, a third substrate 330. and 
a fourth substrate 340. In this embodiment, the first and third substrates 310 and 330 are constituted with silicon 
substrate, and the second and fourth substrates 320 and 340 are constituted with a glass substrate. Such structure 
comprised ot four layers of substrates is substantially the same as the modification shown in Fig. 32 h the previously 

so described second embodiment The first substrate 310 is a substrate which perfonra the role senrhg as the center of 
this sensor, and Fig. 36 is a top view of the first substrate 3i0. As indicated by broken lines in the figure, an annular 
groove is lormed at the k>wer surface of the first substrate 310. Since the portion w^ere this groove is formed has a 
thin thickness, it has flexbility. (which is indcated as a flexible portion 3l2 in Fig. 35). tt is now assumed that the inside 
portion encompassed by the annular flexible porton 312 is called a wortting portion 311 and the outskte portion of the 

ss flexible portion 312 is called a fixed portion 313. The second substrate 320 is constituted with an oscillator 321 in a 
block form and a pedestal 322 in a frame form to surround the periphery thereof. The oscinator 321 is fixed on the 
bottom ourfooo of the working portion 311. Further, the pedestal 322 ie fixed nn thA hmnom eitrlAnA nf the fixed portion 
313. 
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A third substrate 330 perlorms the role as a base substrate for supporting the pedestal 322. To realize this, at (he 
portion except for the periphery on the upper surface side of the third substrate 330. a recess 331 is f orn^ed. By formation 
of this recess 331, the oscillator 321 is supported without being in contact with the third substrate 330. Eventually, the 
oscillator 321 is in hanging state within a space encompassed by the pedestal 322. Since the flexible portion 31 2 with 

5 a thin thickness has flexibilhy in the first substrate 310, the oscillator 321 can undergo displacement within this space 
with a certain degree ol freedom. Further, a fourth stibstrate 340 is attached at the upper part of the first substrate 310 
in 8 manner to cover It while keeping a predetermined space. 

As shown in fig. 36, five tower electrode layers F1 to F5 are formed on the upper surface of the first substrate 310. 
These electrode layers are equivalent to the lower electrode layers F1 to F5 in the sensor according to the first em- 

to txxjiment shown in Fig. 6. It is to be noted that, as described later, a plurality of piezo resistance elements R are formed 
on the upper surface of the first substrate 310. and the shape of lower electrode layers F1 to F4 is somewhat diHerent 
from the shape of the tower electrode layers Fl to F4 in the sensor shown in Fig. 6 so as to avoid the region where 
these piezo resistar^e elements R are formed. Further, a comrTK)n upper electrode layer EO face to all the five tower 
olectrod« layers Fl to F5 is fnrm«wi cw) thA Inwer surface of the fourth substrate 340. 

t5 Piezo resistance elements R are an element formed by injecting impurity at predetermined posittons on the upper 

surface side of the first substrate 310 comprised of silicon, and have the property that electric resistance varies by 
action of mechanical stress. As shown in Fig. 36. twelve piezo resistance elements R in total, that is. four elements 
along tho X-axis, four eiomonts along tho V^tc, and four olemonts along an obUquo axis Inelinarl at 45 ctograas rolatlvo 
to the Y-axis are arranged. All elements are arranged on the flexible portion 312 having thin thickness. When bending 

SO takes place in the flexible ponton 31 2 by displacement of the oscillator 321 , resistance values of the piezo-resistance 
elements vary in correspondence with this bending. It is to be noted that, in the side cross secttonal view of Fig. 35, 

indicelkxi of theee p'nzo reabtonce olemonto R io omhtod for ovoidanoo of oomploxity of tho figure. It ic now aceumod 

that, as shown in Fig. 37. with respect to these twelve resistance elements, four resistarKe elements arranged along 
the X-axis are called Rxl, Rx2. Rx3, Rx4. four resistance elements arranged atongthe Y-axis are called Ryl, Ry2, 
s$ Ry3, Ry4, and four resistance elements arranged atong the oblique axis are called Rzl . Rz2. Rz3, Rz4. 

<3. 2> Ktechanism For Oscillating Oscillator 

in this sensor, the mechanism for oscillating the oscillator 321 in a predetermined axis direction is exactly the same 
30 88 that of the sensor according to the first emtxxliment shown in Fig. 6. The five tower electrode layers Fl to F5 shown 
In Fig. 36 is completely equivalent to the five lower electrode layers Fl to F5 shown in Fig. 7 in point ol the essential 
function although the shape is somewhat different Accordingly, by applying a predetermined voltage to the five tower 
electrode layers Fl to F5 and the comnxxi upper electrode layer EO opposite thereto at a predetermined timing. Cou> 
lomb*s force is applied across both the electrode layers, thus making it possible to oscillate the oscillator 321 in any 
9S direction of the X-axis, the Y-axis and the Z-axis in the XYZ three-dimensional coordinate system. 

<3. 3> Mechanism For Detecting CortoRs Force 

The feature of the sensor according to this third embodiment restoes in that detectton ol ConoKs force is carried 

40 out by using piezo resistance elements. This detecting method will now be described. Let now consider the case where 
a Cortolis force Fx in the positive direction of the X-axis is applied to the oscillator 321 as shown in Fig. 36 (indication 
of respective electrode layers is omitted in this figure for the purpose ol avoiding complexity of the figure). When Cortolis 
force Fx is applied, bending as shown in the figure takes place in the fiextt)le portion 312 of the first substrate 310. 
Such a bending varies resistance values of the four piezo-resistance elements Rx1 to ^4 arranged along the X-axis. 

45 In actual terms, resistance values of the piezo resistance elements Rxl, Rx3 increase (indicated by V* sign in the 
figure), whereas resistance values of the piezo resistance elements Rx2, Rx4 decrease (indicated t>y sign in the 
figure). In addition, the degree of increase/decrease is proportional to the magnitude of Coriolls force Fx applied. On 
the other hand, in the case where Cortolis force -Fx in the negative direction ol the X-axis is applied, the relationship 
of increase/decrease is inverted. Accordingly, if changes of resistance values ol respective piezo resistance elements 

so are detected, it is possible to determine the applied Ck>riolis force Fx. 

In more practical sense, a bridge circuit as shown in Fig. 39 is formed by the four piezo resistance elements Rxl 
to Rx4 to apply a predetermined voltage by using a power supply 350. Then, a brtoge voltage Vx is measured by a 
voltage meter 361. Here, in the reference state where no Cortolis force is applied (the state shown in Fig. 35). when 
setting is made such that the bridge circuit is equilibrated (bridge voltage Vx b|ecomes equal to zero). brkJge voltage 

6S Vx measured by the voltage meter 361 indicates Coriolis force Fx. 

On the other hand, when Coriolis force Fy in the Y-axis directton is applied, similar resistance value changes take 
place with respect to the four piezo resistance elements Ryl to Ry4 arranged atong the Y-axis. Accordingly, when a 
bridge circuit as shown in Fig. 40 is formed by these four piezo resistance elements to deliver a predetermined voltage 
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by using a power suppfy 350, a bridge voftage vy measured by a voftage meter 362 indicates Coriolls force Fy. 
Further, when Corbtis force Fz In the Z-axis direction is applied, resistance vatue changes take place with respect 

to the tour piezo reststaru:e elements Rzl to Rz4 arranged along the oblique axis. For example, when Coriolis force 

in the positive direction of the Z-axis is applied, resistance values of the piezo resistance eleri^ents Rzl , Rz4 decrease, 
s whereas resistance values of the piezo resistance elements Rz2. RzS ir^rease. Accordingly, when a bridge circuit as 

shown In FiQ. 41 is formed bv these four piezo reststance elements to deliver a predetermined voltage by using a power 

supply 350, a bridge voltage Vz measured by a voftage meter 363 indicates Coriolis force Fz. 

When detection of Coriolis force is carried out by using piezo resistance elennents in this way, the mechanism lor 

oscillating the oscillator 321 in a predetermined axial direction (utilizing Coulomb's force between electrode layers) and 
TO the mechanism for delecting Coriolis force are completely independent. Thus, there is no possibility that they may 

interfere with each other. 

<3. 4> ModiTicatian 

T5 Respective lower electrode layers F1 to F4 in the above-described sensor are arranged on the X-axis and the Y- 
axis similarly to the previously described sensor of the first embodtntent. On the contrary, as in the lower electrode 
layers Q1 to G4 in the sensor according to the second embodiment shown in Fig. 29, they may be arranged in the first 
to fourth quadrants with respect to the XY plane. Further, the four piezo resistance elemertts Rzl to Rz4 may be 
arranged in any axial direction. e.g., may be arranged along the axis in parallel to the X^xis or Y-axis. 
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S4 FOURTH EMBODIMENT 

<4. 1> Structure Of Sensor According To The Fourth Embodiment 

26 A multi-axial angular velocity sensor according to the fourth embodiment of this invention wilt now be described^ 

The founh embodiment is directed to a sensor using piezoelectric elements for both Ihe oscillating mechanism and 
the detecting mechanism. 

fig. 42 is a side cross seclionaf view of the mufti-axjal angular velocity sensor according to the fourth embodiment. 
This sensor has a structure very similar to the sensor according to the first embodiment shown in Fig. 6, anti comprises 

»f respective components as oescroeo oeiow. Namely, runoameniully, Uils sensor ts or u ttuuciure «ucti Uitii. l^Biwutm a 
disk-shaped flexible substrate 410 and a disk-shaped fixed substrate 420. a piezoelectric element 430 similarly disk* 
shaped is inserted. On the lower surface of the flexible substrate 410, a columnar oscillator 440 Is fixed. Further, the 
outer circumferential portion of the flexible substrate 410 and the CHJter circumferential portion of the fixed substrate 
420 are tx)th supported by a sensor casing 4&o. On me upper surrace oi the piezoeiecmc etemem 430. five u|^r 

X electrode layers E1 to E5 (only a portion thereof is indicated in Fig. 42) are formed. Similarty. on the bwer surface 
thereof, five lower electrode layers Ft to F5 (only a portion thereof is similarly indicated) are formed. The upper surfaces 
of the upper electrode layers El to ES are fixed on the bwer surface of the fixed substrate 420. andihe lower surfaces 
of the tower electrode layers Fl to F5 are fixed on the upper surface of the flexible substrate 410. in this example, the 
fixed substrate 420 has a sufficient rigidity to such a degree that no bending takes place. On the other hand, the flexible 

40 substrate 41 0 has flexibility and functions as so called diaphragm. Let now consider an XYZ three-dimensional coor- 
dinate system using gravity positkxi O of the oscillator 440 as the origin. Namely, an X-axis is defined in a right direction 
in the figure, as a Z-axis is defir^ in an upper direction, and a Y-axts is defined in a direction perpendicular to the 
plane surface of paper. Fig. 42 is a cross sectional view cut atong the XZ plane of this sensor. It is to be noted that 
shape and arrangement of the upper electrode layers El to E5 and the lower electrode layers Fl to F5 are exactly the 

4$ same as those o1 the sensor of the first embodiment shown in Fig. 6 (see Figs. 7 and 8). Further, in this embodiment, 
the flexible substrate 410 and the fixed substrate 420 are both constituted by insulating material. In the case of at- 
tempting to constitute these substrates with conductive material such as metal, etc., it is sufficient to provide insulating 
films between these substrates and respective electrode layers so that the respective electrode layers are not short- 
drcultad with eACh other. 

80 ■ Generally, a piezoelectric element has the first property that when pressure is applied thereto from the external, 
a voftage is produced in a predetermined direction within the piezoelectric elennent and the second property that w^n 
voltage is applied thereto from the external, pressure is produced in a predetermined direction within the piezoelectric 
element in a manner opposite to the above. These two properties have the reverse of each other. The relationships 
between directions in which pressure/voltage is applied and directions which voltage/pressure is produced are irv' 

ss herenl in individual piezoelectric elements. Here, the property of such directivity is called 'polarization characteristic'. 
The piezoelectric element 430 used m the sensor of this embodiment has a polarization characteristic as shown in 
riga. 40(e) and 43(b). Nomoly. when oonoidorod from tho view-p<Mnt of tho provioucly docoribod fird property, ttio 

piezoelectrc element has a polarization characteristic such that in the case where a force to expand in a thickness 
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direction is applied as shown in Fig. 43(a), positive charges and negative charges are respecttvety produced on the 
upper electrode layer E side and c»i the lower electrode layer F side, \A^ile in the case where a force to contract in the 
thickness direction is applied as shown in Fig. 43(b), negative charges and positive charges are respectively produced 
on the upper electrode layer E side and on the lower electrode layer F side. When considered from a view-point of the 
s second property in a manner opposite to the above, the piezoelectric element has a polarization characteristic such 
- that when positive charges and negative charges are respectively delivered to the upper electrode layer E side and 
the lower electrode layer F side as shown in Fig. 43(a). a force to expand in the thickness direction is produced, while 
when negative charges and positive charges are respectively delivered to the upper electrode layer E side and the 
lower electrode layer F side, a force to contract in the thickness direclkm is produced as shown in Fig. 43(b). 

10 

<4. 2> Mechanism For OscOlating Oscillator 

Let r>ow study what phenomenon takes place in the case where charges having a predetermined polarity are 
delivered to a predetermined electrode layer of this sensor. When negative charges and positive charges are respec- 
ts itvety delivered to the electrode layer El and F1 , a force to contract in a thickness direction is produced at a portion of 
the piezoelectric element 430 put between both the electrode layers by the property shown in Fig. 43(b). On the other 
hand, when positive charges and negative charges are respectively delivered to the electrode layers E2. F2, a force 
tn AYpanH in n thinknARi; dtrndkjn is produced at a portion of the piezoelectric element 430 put between both the 
electrode layers by the property shown in Fig. 43(a). As a result, the piezoelectric element 430 is deformed as shown 
so m Fig. 44 and the oscillator 440 Is caused to undergo displacement in the positive direction of the X-axis. Now. when 
the polarity of charges which have been delivered to the electrode layers El, Fl, E2, F2 is inverted, the expanding/ 

contracting state of the pie2ooloctric olenrtent 490 ie aleo invert od.. Thtis. the rtftcillntor 44/) u: caiiaaH to nnHAfgn rUA> 

placenrwnt in the negative directbn of the X-axis. When an approach is err^ioyed to interchangeably invert the polarity 
of charges delivered so that these two displacement states take place one after another, it is possible to reciprocate 

2S the oscillator 440 in the X-axis direction. In other words, the oscillator 440 is permitted to undergo oscillation Ux with 
respect to the X-axis direction. 

Such charge supply can be realized by applying an a.c. signal across opposite electrode layers. Namely, a firsi a. 
c. signal is applied across the electrode layers El . Fl , and a second 8.c. signal is applied across the etoctrode layers 
E2, F2. If signals having the same frequency and phases opposite to each other are used as the first and second ax. 

30 signals, the oscillator 440 can be oscillated in the X-axis direction. 

A method of allowing the oscillator 440 to undergo oscillation Uy with respect to the Y-axis direct kxi is also exactly 
the same. Namely, it is sufficient to apply a first a.c. signal across the electrode layers E3. F3, and to apply a second 
a.c. signal across the electrode layers E4, F4. 

Let now consider a method of altowing the oscillator 440 to undergo oscillation Uz with respect to the Z-axis di- 

3S rection. Assuming now that negative charges and positive charges are respectively delivered to the electrode layers 
E5. F5, a force to contract in a thckness direction is produced at a portion of the piezoelectric element 430 put between 
both the electrode layers. As a result, the piezoelecfric element 430 is defomned as shown in Fig. 45 and the oscillator 
440 is caused to undergo displacement m the positive oirection o me z^ts. wnen me poiamy oi charges wnicn nave 
been delivered to the electrode layers E5, FS is inverted, the expanding^tracting state of the piezoelectrk: element 

40 430 Is also invefied. Thus, ttie oscillator 440 is caused to undergo displacement in the negative direction of the Z-axis. 
If the polarity of charges delivered is reciprocally inverted so that these two displacement states take place one after 
another, the oscillator 440 can be reciprocated in the Z-axis directkx). In other words, the oscillator is permitted to 
undergo oscillatkjn Uz with respect to the Z-axis directkxi. Such charge supply can be realized by applying an a.c. 
signal-across the opposite electrode layers E5, F6. 

45 As staled above, if a predetermined ac. signal is delivered to a specific set of elecUode layers, it is possible to 
oscillate the escalator 430 along the X-axis, the Y-axis and the Z- axis. 

<4. 3> Mechanism For Detecting CorioHs Force 

so Subsequently, a method of detecting Cortolis force components exerted in respective axial directions in the sensor 
according to the fourth embocfiment will be described. It is to be noted that, for the purpose of saving paper. Figs. 44 
and 45 which were used for explanation of the previously described method of oscillating the oscillator are used also 
in the explanation of the method of detecting Coriolis force. 

First, let consider the case where Corblis force Fx in the X-axis direction is applied to the oscillator 440 as shown 

w in Fig. 44 (In accordance with the principle shown in Fig. 5, since measurement of such Cortotis force Fx is carried out 
in the state caused to undergo oscillation Uy in the Y^is direction, the oscillator 440 is assumed to be oscillated in a 
direction perpendicular to plane surface of paper in Fig. 44. but such oscillating phenomenon in the Y-axis direction 
has no influence on measurement of Ck)riolis force Fx in the X-axis directkxi). By action of such Cornlis force Fx, 
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bending is produced in the flexible substrate 410 performing the function of diaphragm, soa force to contract in IhicKnese 

cKrection is eyprtod at the right hatf of tho piczooloctric eloment 430, and a forco to expand in thicknecc direettcxi i« 
exerted at the left hall. Also in the case where Coriolis force Fy in the Y-axis direction is exerted, the directiai of the 
axis is only shifted by 90 degrees, but a phenomenon similar to the above is to take place. In addition, in the case 

S where Coriolis force in the Z-axis direction is exerted, the piezoelectric element 430 undergoes a force to contract in 
tf)icla>ecc direction dc s whole ac chown in Pig. 46. 

When 8 pressure as described above is applied to the piezoelectric element 430, charges of a predetermined 
polarity are produced at respective electrode layers by the property shown in Figs. 43(a) and 43(b). Accordingly, H 
charges thus produced are delected, a Coriolis force applied can be detected. In more practical sense, wirings as 

10 ahowm in Figo. 46 to 48 ore implementod to reopootivo elootrode loy«re. thoroby making H pooafele to detoct applied 
Corioli& force components Fx, Fy, Fz. For example, Coriolis force component Fx in the X-axis direction can be detected 
as voltage dHlerence Vx produced between terminals Txl and Tx2 as shown in Fig. 46. It is possible to easily understand 
the reason when consideration is made In connection with the polarity of charges produced at respective electrode 

layero. Namely, with reapect to the electrode layera E£, F2. aince a portion of the piezoelectric element 430 put thei- 

15 ebetween is subject to a force to expand in a thickness direction, positive charges and negative charges are respectively 
produced at the upper electrode layer E2 and the k>wer electrode layer F2 as shown in Fig. 43(a). On the other hand, 
with respect to the electrode layers El, F1, since a portion of the piezoelectric element 430 put theret>etween is subject 
to a force to contract in thickness direction, negative charges arKi positive charges are respectively produced at the 
upper electrode layer El and the lower electrode layer Fl as shown in Fig. 43(b}. Accordingly, when a wiring as shown 

M in Fig. 46 is implemented, positive charges are all gathered at terminal Txl and negative charges are all gathered at 
terminal Tx2. Thus, a potential difference Vx across both terminals indicates Coriolis force Fx. Entirely in the same 
manner, when a wiring as shown in Fig. 47 is implemented to the upper electrode layers E3. E4 and the lower electrode 
layers F3, F4, il is possQile to detect Coriolis force Fy in the Y-axis direction as a potential difference Vy across tenminab 
Tyl and Ty2. In addition, it is possible to detect a Coriolis force Fz in the Z'oxis direction as a potential difference Vz 

ss produced across terminals Tz 1 and lz2 as shown in Fig. 48. The reason can be easily urwJerstood when consideration 
is made in connect kxi with polarity of charges produced at respective electrode tayers by bending as shown in Fig. 
46. Namely, with respect to the electrode layers E5, F5, since a portion of the piezoelectric element 430 put theret)e- 
tween is subject to a force to contract in thickness direction, negative charges arwJ positive charges are respectively 
produced at the upper electrode layer E5 and the lower electrode layer F5 as shown in Fig. 43(b). Accordingly, when 

so such a wiring to gather positive Charges at terminal Tzi and to gather negative charges at terminal Tz2 is implemented 
as shown in Fig. 46, a potential difference Vz across both terminals indicates Coriolis force Fz in the Z-axis direction. 

<4. 4> Detection Of Angular Velocity 

X The c±)jecl of the multi-axial angular velocity sensor according to this inventkxt resides in that as explained in §0, 

in order to detect an angular vekxity co at>out a first axis, an oscillator is allowed to undergo oscillation U in a second 
axis direction to detect a Cortolis force F produced in a third axis direction at that time. As descrbed at>ove, in the 
sensor according to the fourth embodiment, an a.c. signal is applied across a predetennined pair of electrode layers, 
thereby making it possible to oscillate the oscillator 430 atong any axial direction of the X-axis, the Y-axis and the 2- 

40 axis, and to respectively detect Coriolis force components Fx. Fy, Fz in respective axes directiorts produced at tfiat 
time as potential differences Vx, Vy, Vz. Accordingly, by the principle shown in Figs. 3 to 5, it is possible to detect an 
angular velocity a> about any axis of the X-axis, the Y-axis and the Z-«xis. 

It should be noted that, in the sensor according to this embodimem, a piezoelectric element is used for both the 
oscillating mechanism and the detecting mechanism. In other words, the same electrode layer may perform the role 

^ for deflverihg charges for producing oscillation (Che role as the oscillating mechanism), or may perform the role lor 
detecting charges produced by Coriolis force (role as the detecting mechanism). With the same electrode layer, it is 
relatively difficult to permit these hwo roles to be performed at the same time. However, in this sensor, sirwe sharing of 
roles as described below is made with respect to respective electrode layers, there is no possibility that two roles may 
t>e given to the same electrode layer at the same time. 

so Let first consider the operation for detecting angular velocity & about the X-axis on the basis of the princ9>le shown 
in fig. 3. In this case, it is necessary to detect a Coriolis force Fy produced in the Y-axis direction when an oscillator 
is caused to undergo oscillation Uz in the Z-axis direction. In the sensor shown in Fig. 42, in order to allow the osclitata 
430 to undergo oscillatiori Uz. it is sufficient to apply an a.c. signal across the electrode layers E5, F5. Further, in onter 
to detect Coriolis force Fy exerted on the oscBlator 430, ft is sulTicient to detect charges produced at the electrode 

S5 layers E3. F3, E4. F4 as shown in the circuil diagtem of Fig. 47. The remaining electrode layers El. F1. E2, F2 ere 
rK>t used in this detecting operation. 

Subsequently, let consider the operation for detecting anpular vetocity coy atxxit the Y-a)ds on the basis of the 
principle shown in Fig. 4. In this case, ft is necessary to detect a Coriolis force Fz produced in the Z-exis direction when 
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an osctKator is caused to undergo osctliation Ux in the X-axis direction, tn the sensor shown in Fig. 42, in order to a\iow 
the oscillator 430 to undergo oscitiation Ux. it is sufficient to apply a.c. signals having phases opposite to each other 
across the electrode layers El , F1 and across the electrode layers E2. F2. Further, in order to detect Coriolis force Fz 
exerted on the oscillator 430. it is sufficient to detect charges produced at the electrode layers ES, F5 as shown in the 

S circuit diagram of Fig. 46. The renr^ining electrode layers E3. F3, E4, F4 are not used in this detecting operation. 

Finally, let consider the operation for detecting an angular velocity coz about the Z-axis on the tiasis of the principle 
shown in Fig. 5. In this case, it is necessary to detect Coriolis Fx produced in the X-axis direction when an oscillator 
is caused to undergo osclltation Uy in the Y-axis direction. In the sensor shown in Fig. 42. in order to allow the oscillator 
430 to undergo oscillation tjy. it is sufTicient to apply a.c. signals having phases opposite to each other across the 

10 electrode layers E3, F3 and across the electrode layers E4, F4. Further, in order to detect Conotis force Fx exerted on 
the oscillator 430, It is sufficient to detect charges produced at the electrode layers El, F1. E2. F2 as shown in the 
circuit diagram ol Fig. 46. The remaining electrode layers E5, F5 are not used in this detecting operation. 

It is seen that in the case of detecting any or^ of angular velocities cox, coy, coz by using this sensor as stated above. 

charing ot roloc v»rtth recpoct lo rccpocttvc eloct^e layers ic conveniently carried out eo that detection c«n he rprried 
IS out without hindrance. It should be noted that since it is unable to detect plural ones of angular velocities oox. ooy, coz, 
in the case where an attempt is made to detect three angular velocity components, it is required to carry out time- 
division processing as described later to sequentially carry out detections one by one. 

<4. 5> Modification 1 

£0 

In accordance with the above-described sensor according to the fourth embodiment, it is possible to detect Coriolis 
fmcv uunpoiiuirttt Pa. Fy. Fz in the XYZ threetlimenolonal coordinete eyetem 00 potonticd difforeneoo Vx. N^. Vc, 
respectively. Thus, detection of angular velocity can be nnade on the basis of these potential differences. However, in 
order to detect these potential differences, It is necessary to inrtptement wirings as shown in the circuit diagrams of 

25 Figs. 46 to 48 to respective electrode layers. Such wirings are such that upper electrode layers and lower electrode 
layers are mixed. Accordingly, in the case of mass-producing such sensors, the cost for wiring is not negligible as 
compared to the total cost ot product. In this modification 1 . the polarization characteristic ot a piezoelectric element 
is partialfy varied, thereby s'ffnpiity'tt^g wiring to reduce the manufacturing coet. 

Generally, it is possible to manufacture piezoelectric elements having an arbitrary polarization characteristic by 

JO the present technology. For example, tne piezoeiecuic element 430 useu m ihe ttbuvftHimtui iiimJ ihm mui ti»XNdtiii| lu 
the fourth embodiment had a polarization characteristic as shown In Figs. 43(a) and 43(b). On the other hand, it is also 
possible to manufacture a piezoelectric element 460 having a polarization charactisristic as shown in Figs. 49(a) and 
49(b). Namely, this piezoelectric element 460 has a polarization characteristic such that in the case where a force to 
expand in thfckness direction is applied as shovm « Pig. 4£Ha). negaiive charges ano posmve charges are respectively 

^ produced on the upper electrode layer E side and on the lower electrcxje layer F side, while when a force to contract 
in thickness direction is applied as shown in Fig. 49(b). positive charges and negaiive charges are respectively produced 
on the upper electrode layer E side and on the lower electrode layer F side. It is now assumed that, for cohvenience, 
polarization characteristic as shown in Figs. 43(a) and 43(b) is called type I and polarization characteristic as shown 
in Figs. 49(a) and 49(b) is called type II. The piezoelectric element 430 having polarization characteristic ol the type I 

40 and the piezoelectric element 460 having potarization characteristic of the type II are such that signs of charges pro- 
duced on the upper surface side and on the lower surface side are inverted. It should be noted that since upsetting of 
the ptezoe lectric element 430 results in the piezoelectric element 460. ft can be said that both the piezoelSctric efements 
are exactly the same piezoelectric element whan viewed as a single body. Therefore, it is not so significant to discrim- 
inate between both the piezoelectric elements. However, there may be employed a configuration such that a portion 

45 of one piezoelectric element is caused to have polarization characteristic of the type I and another portion thereof is 
caused to have polarization characteristic of the type II. The inodificatkan described below is characterized in that a 
piezoelectric element to which such a localized polarization processing is implemented is used to thereby simplify the 
structure of a multi-axial angular velocity sensor. 

1 n! now r.nnf;irier a pis7oelectric element 470 as shown in Fio- 60. This piezoelectric element 470 is a disk-shaped 

50 element which is exactly the same in shape as the piezoelectric element 430 used in the above-described sensor of 
Fig. 42, but its polarization characteristic is dWerent from that of the piezoelectric element 430. The piezoelectric ele- 
ment 430 was an element in whk:h all poftions have polarization characteristk: of the type I as previously described. 
On the contrary, the piezoelectric element 470 has a polarization characteristc of either the type I or the type 11 in five 
regions A1 to AS as shown In Fig. SO. Namely, this piezoelectric elennent indicates polarization characteristic of the 

ss type 1 in regions A2, A4 and indicates polarization characteristic of the type II in regons A1. A3. AS. In this example, 
regions A1 to AS correspond to regions where the upper electrode layers El to E5 or the lower electrode layers Fl to 

F£ are respectively formed. 

Let now consider what polarities of charges produced on respective electrode layers in the case where the piezo- 
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electric elemeni 470 having localized polarizaiion characteristic as shovwi In Fig. 50 Is used in place of the piezoetecific 
element 430. It is thus understood that polarities of charges produced at the upper electrode layers El. E3. E5 and 
the lower electrode layers F1, F3. F5 provided in the region having polarization characteristic of the type 11 is inverted 
with respect to the sensor using the piezoelectric element 430. For this reason, when wirings as shown in Figs. 61 to 
53 are implemented to the respective elecUode layers, it is possible to determine Coriolis force components Fx. fy, 
Fz as potential differences Vjl, Vy. Vz. respectively. For exan^ple, with respect to Coriolis force Fx in the X-axis direction, 
since polarities of charges produced at the electrode layers E 1 . F1 are inverted with respect to the previously described 
example, the wiring shown in Fig. 46 is replaced by the wiring shown in Fig. 51. StmUarty. with respect to Coriolis force 
Fy in the Y-axis direction, since polarities of charges produced at the electrode layers E3. F3 are inverted, the wiring 
shown in Fig. 47 is replaced by the wiring shown in Fig. 52. Further, with respect to Coriolis force Fz in the Z-axis 
direction, since polarities of charges produced at the electrode layers ES, F5 are inverted, the wiring.shovm in Fig. 46 
is replaced by the wiring shown in Fig. 53. 

It is to be noted that in the case where the piezoelectric element 470 having localized polarization characteristic 
ift used, the polority of on o.c. cignal applied for occiliating the oscillntnr AXi must be varied as occasion demands. 
Namely, ft is understood thai in the case where the piezoelectric element 470 having a localized polarization charac- 
teristic is used, when a.c. signals having the same phase are applied across the electrode layers El, Fl formed in the 
region A1 and the eleclfode layers E2, F2 formed in the region A2, it is possible to oscillate the oscillator 430 in the X- 
axlS dUeciiuii, wni wliwi a.c. eignolo having the oomc phocc are cimitorty applied acroc* the etoctrctde layers E3. FI^ 
formed in the region A3 and the electrode layers E4, F4 formed in the region A4. it is possible to oscillate the oscillator 
430 in the Y-axis direction. 

The vnrings shown in Figs. 51 to 53 have significant merits in nranufacturing actual sensors as compared to the 
wirings shown in Figs. 46 lO A6. Ttie ft^aluitt of Uie wiringo ohown in Tigo. 61 to 6S rooidoc in that oven in the caee 
where a Coriolis lorce in any direction of the X-axis, the Y-axIs and the 2-axis is applied. U Coriolis force is applied in 
the positive direction of each axis, positive charges and negative charges are necessarily produced on the upper 
electrode layer side and on the tower electrode layer side. By making use of this feature, the wiring of the entirety o* 
sensor can be simplified. For example, let consider the case where terminals Tx2. Ty2. T22 in Figs. 51 to 53 are 
connected 10 the sensor casing 450 to allow those terminals to have a reference potential (earth). In this case, the Trve 
lower electrode layers Fl to F5 are brought into the state where they are conductive with each other. Even if such an 
approach is employed, potential difterence Vx indicating Coriolis force Fx in the X-axis direction is obtained as a voltage 
with respect to the earth of terminal Txl. potential difference Vy indicating Coriolis force Fy in the Y-axis direction is 
obtained as a voltage with respect to the earth of terminal Tyl , and potential difterence Vz indicating Coriolis force Fz 
in the Z-axis direction is obtained as a voltage with respect to the earth of temriinal Tzi . Accordingly, this sensor operates 
without any hindrance. In addition, since wirings with respect to the five lower electrode layers Fl to F5 are caused to 
conduct with each other, wiring can become very simple. 

<4. 6> Modification 2 

In the case where the piezoelectric elemeni 470 having localized polarization characteristic as described in the 
above-described modification 1 . it is possible to provide wiring which allows the five lower electrode layers Fl to F5 to 
be conductive. 11 the lower electrode layers Fl to F5 are permitted to be conductive in this way there is no necessity 
of intontionflily allowing these five electrode layers to be independent elecUode layers, respectively. Namely, as shown 
in the side cross sectional view of Fig. 54. It is sufficient to provide only one common lower electrode layer FO. The 
common tower elecUode layer FO is a single disk-shaped electrode layer, and serves as an electrode opposite lb all 
ol five upper electrode layere El to E5. 

«4. 7> Modification 3 

In order to further simplify the structure of the above-described second embodiment, it is sufTiclent to use a flextote 
substrate 480 comprised of a conductive material (e.g.. metal) in place of flexible substrate 410. If such a substrate is 
employed, ft is possible to realize the structure in which the lower surface of the piezoelectric element 470 is directly, 
connected to the upper surface of the flexible substrate 480. vwthout using special tower electrode layer FO as shown 
in the side cross sectional view of Fig. 55. in this case, the flexible substrate 480 itself functions as common lower 
electrode layer FO. 

Further, vAxWe the tower electrode layer side is caused to be a common single electrode layer in the above-descrtoed 
modifications 2. 3. the upper electrode layer side may be a common single electrode layer in a manner opposite to the 
atx>ve. 
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<4. e> other modifications 

While the above*descrlbed sensors all use physicatty single piezoelectric element 430 or 470, they may be com- 
prised of physically plural piezoelectric elements. For example, k\ Fig. 50, there may be employed a configuration in 

S which respective regions A1 to A5 are conslhuted individual piezoelectric elements, and Fiva piezoelectric elements in 
total are used. As stated above, how many piezoelectric elements are used from a physical point of view is the manner 
which can be suitably dianged in design. 

Further, while the outer peripheral portions of flexible substrates 410, 460 are supported by sensor casing 450 in 
the above-descrlt>ed sensor, it is not necessarily required to fix a flexible substrate to a sensor casing. For example. 

f 0 there may be employed, as shown in Fig. 56, a configuration in which a flexible substrate 490 having a slightly smaller 
diameter is used in place of flexible substrate 460 and the periphery of flexible substrate 490 is allowed to be the end 
of freedom. 

f^S nrTH EMBODIMEMT 

IS 

<5. 1> Structure Of Sensor According To Fifth Embodiment 

A iiiuUt-axial angular veloctty oenoor eccofdtng to tho Trfth ombodimont of thk invontkxi wiN now be deccribod. The 
fifth embodiment is also directed to a sensor using a piezoelectric element for both the oscDIating mechanism and the 

20 detecting mechanism similarty to the previously described fourth embodiment. 

Fig. 57 is a top view of the multi-axial angular velocity sensor according to the fifth embodiment. Flexible substrate 
&10 IS a Otsk-Shapeo SUOSirate luivittg nuxiUilUy which function» ao oo called diaphragm. On tho floxtble oubelrato 610, 
SO called a doughnut disk-shaped piezoelectric element 520 is disposed. On the upper surface of the piezoelectric 
element 520. sixteen upper electrode layers 11 to U1 6 in forms as shown in the figure are formed at positions shown, 

2$ respectively. Further, on the lower surface of the piezoelectric element 520, sixteen lower electrode layers Ml to Ml 6 
(although not shown in Fig. 57) having exactly the same shapes as those of the upper electrode layers Li to Li 6 are 
formed at positions respectively opposite to the upper electrode layers LI to LIS. Fig. 58 is a side cross sectional view 
of this sensor (For the purpose of avoiding complexity of the figure, only cross sectional portions are iOustrated with 
respect to respective electrode layers. This similarly applies to side cross sectional views mentioned below). As clearly 

90 shown in this figure, the doughnut disk shaped piezoelectric element 520 is in so called a sandwich state where it is 
put betvi«en sixteen upper electrode layers LI to Li 6 (only LI to L4 are shown in Fig. 58) and sixteen lower electrode 
layers Ml to M16 (only Ml to M4 are shown in Fig. 56). The lower surfaces of the tower electrode layers Ml to M16 
are fixed on the upper surface o1 the flexible substrate 51 0. On the other hand, an oscillator 550 is fixed on the lower 
surface of the flexible substrate 510. and the peripheral portion of the flexible substrate 510 is fixedly supported by 

35 sensor casing 560. In this embodiment, the flexible substrate 51 0 is constituted by an insulating material. In the case 
where flexible substrate 510 is constituted with a conductive material such as metal, an nsulating film is formed on 
the upper surface thereof, thereby preventing sixteen lower electrode layers M1 to Ml 6 from being short-circuited. 

Here, for convenience of explanation, let consider an XYZ three-dimensional coordinate system in which the central 
position of the flexible substrate SlO is allowed to be origin. Namely, in Fig. 57, an X-axis is defined in a right direction. 

40 a Y-axis is defined in a lower direction, and a Z-axis is defined in a direction perpendicular to the plane surface of paper. 
FiQ is a cross sectiorial view cut along the XZ plane of this sensor, and flexible substrate 510. piezoelectric element 
520, respective electrode layers LI to L16. Ml to M16 are all arranged in parallel to the XY plane (In the fifth embod- 
iment, for conveniience of explanation, the lower direction in the side cross secttorwl view is taken as the positive 
direction of the Z^is). Further, as shown in Fig. 57, on the XY plane, a W1 -axis and a W2-axis are defined in directions 
to form an angle ol 45 degrees r^Iatrun In thn X-nxis or the Y-axis. These W1 -axis and W2-axis are both passed through 
the origin O. When such a coordinate system is defined, upper electrode layers LI to L4 and tower electrode layeiB 
Ml to M4 are arranged in order from the negative direction.toward the positive direction of the X-axis, upper electrode 
layers L5 to 1j6 and lower ele^ode layers MS to M8 are arranged in order from the negative direction toward the 
positive direction of the Y-axis, upper electrode layers LS to L12 and lower electrode layers M9 to Ml 2 are ananged 

so in order from the negative direction toward the positive direction of the W1 -axis, and upper electrode layers LI 3 to L16 
and lower electrode layers Ml 3 to M16 are arranged in order from the negative direction toward the positive direction 
of the W24xi8. 

As previously deserved, there is the property that when electrode layers are respectively formed on the upper and 
lower surfaces of a piezoelectric element to apply a predetermined voltage across such a pair of electrode layers, a 
» predetermined pressure is produced within the piezoelectric element, while when a predetermined force is applied to 
the piezoelectric element, a predetermined voltage is produced across the pair of electrode layers. In view of this, it is 
now assumed that sixteen sets of localized elements D1 to D16 are provided by the above-described sixteen upper 
electrode layers Li to LI 6, the above-described sixteen lower electrode layers Ml to Ml6, and sixteen portions of the 
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piezoelectric element 520 put between those electrode layers. For example, a focalized element Di is provided by 
upper electrode layer LI . lower electrode layer Ml . and a portion of piezoelectric element 520 put therebel¥(*eon. 
Eventually, sixteen sets ol localized elements Dl to D16 are arranged as shown in the top view cA Fig. 59. 

In this example, as piezoelectric element 520 in this sensor, a piezoelectric ceraniics having a polarization char- 

6 acteristic as shown in Figs. 60(a) and 60(b} is used. Namely, this piezoelectric ceramics has a polarization characteristic 
such that in the case where a force to expand along the XY-plane is applied as shown in Fig. 60(a). positive charges 
and negative charges are respectively produced on the upper electrode layer L side and on the lower etectiode layer 
M side, white in the case where a force to contract atong the XY-plane is applied as shown in Fig. 60(b), negative 
charges and positive charges are respectively produced on the upper electrode layer L side and the lower electrode 

TO layer M side. Here, such a polarization characteristic is called type Ml. Sixteen sets of localized elements Dl to D16 in 
this sensor all have a piezoelectric element having the polarization characteristic of the type III. 

<5. 2> Mechanism For Oscfllating Oscillalor 

IS Subsequently, let study what phenomenon takes place in the case where charges having a predetermined pdaftty 
are delivered to a predetermined pair of electrode layers of this sensor. Let now consider the case where charges of 
polarities as shown in Fig. 61 are delivered to respective elecUode layers constituting lour localized elements 01 to 
D4 arranged on the X-OMie. Nomoly. poottivo chargec and nogalK/e charg»c aro delivered to nlArtmrlA layam I 1 . MS>. 
L3. M4 and electrode layers Ml. L2. M3. L4, respectively. Thus, localized elements Dl and D3 expand along the XY- 

ao plane by the property shown bi Fig. 60(a). On the contrary, localized elements D2 and D4 contract along the XY-plane 
by the property shown in Fig. 60(b). As a result, the flexible substrate 510 is deformed as shown in Fig. 61, and the 

osuilldlm 590 ib cautttnJ lu uinJeigodispiacomenl in the pooHrvo dirootion of tho X-oxic. Now, when poiaritiec oT charges 

Which have been delivered to respective electrode layers are inverted, the expandingteontracting state of the piezoe- 
lectric element is also inverted. Thus, the oscillator 550 is caused to undergo displacement in the negative direction 

SB of the X-axis. If the polarities of charges delivered are reciprocally inverted so that such two displacement states lalce 
place one after another, it is possible to reciprocate the oscillator 550 in the X^is direction. In other words, the osciflator 
550 is permitted to undergo oscillation Ux with respect to the X^is direction. 

Such supply of charges can be realized by applying an a.c signal across opposite electrode layers. Namely, a first 
a.c. signal is applied across electrode layers LI . Ml and across electrode layers L3, MS. and a second a.c. signal is 

30 applied across electrode layers L2. M2 and across electrode layers L4. M4. If signals having the same frequency and 
phases opposite to each other are used as the first and second a.c. signals, it is possible to oscDIate the oscillator 550 
in the X-axis direction. 

A method of allowing the oscillalor 550 to undergo oscillation Uy with respect to the V«xis direction is exactly the 
same as above. Namely, a first a.c. signal is applied across electrode layers L5. M5 and across electrode layers L7. 

as M7. and a secorkd a.c. signal is applied across electrode layers L6. M6 and across electrode layers L8, MB. If signals 
having the same frequency and phases opposite to each other are used as the first and second ax. signals, it is 
possible to oscillate the oscatator 550 in the Y-axis direction. 

Consideration wilt be described in connection with a method of allowing the oscillator 550 to undergo oscillation 
Uz with respect to the Z-axis direction. Let now consider the case where charges of polarities as shown in Fig. 62 are 

40 delivered to respect'rve electrode layers constitutingfour localized elements D9 to Disarranged on the Wi-axis. Name- 
ly, positive charoes and negative charges are delivered to electrode layers L9, MiO, Mil. L12 and electrode layers 
M9. L10. L11. Ml 2. respectively. Thus, localized elements D9 and D12 expand along the XY-plane by the property 
shown tn Fig. 60(a). On the contrary, localized elements DIO and Oil contract along the XY-plane by the property 
shown^in Fig. 60(b). As a result, the flexible substrate 510 is deformed as shown in Fig. 62. and the oscillator 550. is 

ds cauftf»d to unriflroo riispUcftmeni in the positive direction of the 2-axis. Now, when polarities of charges which have 
been delivered to respective electrode layers are inverted, the expandingfeontracting state ol the piezoelectric element 
is also inverted, so the oscillator 550 is caused to undergo displacement in the negative direction ol the Z-axis. II 
polarities of charges delivered are reciprocally inverted so that such two displacement states take place one alter 
another, it is possible to reciprocate the oscillator SSO in the Z-axis direction. In other words, the oscHlator 550 can be 

50 caused to undergo oscillation Uz with respect to the Z-axis direction. 

Such supply of charges can be also realized by applying an a.c. signal across opposite electrode layers. Namely, 
a first a.c. signal is applied across eiectrode layers L9. and across electrode layers LI 2, Ml 2, and a second ax. 
signal is applied across electrode layers LIO, MlO and across electrode layers L11, Mil. If signals having the same 
frequency and phases opposite to each other are used as the first and second a.c. signals, It is possible to oscillate 

ss • the oscillator 550 in the Z-axis direction. 

As shown in Fig. 59. this sensor is further provided with four localized elements D13 to D16 atong the W2-exis. 
Although these four localized elements are not necessarily required, they are provided for the purpose of allowing 
oscillating operation in the 2-axis to be more stable and enhancing, to more degree, the detection accuracy of Coridis 
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force Fz in the Z-axts direction which will be described later. These Jour localized elements D1 3 to Dl 6 perform exactly 
the same functions of the above^lescribed four localized elements 09 to D12. Namely, if a.c. signals which are (he 
same as those delivered to localized elements 09 to 01 2 are delivered to locafized elements 01 3 to 01 6. (t is possible 
to carry out oscillating operation in the Z-axt$ direction by eight localized elements 09 to Dl6. Thus, more stable 
B oscillating operation can be conducted. 

As stated above. H a predetemiined ax. signal is delivered to specific localized elements, it is possible to osclRate 
the oscillator 550 along the X-axis, the Y-axts and the Z-axts. 

<5. 3> Mechanism For Oeiecting Coriolis Force 

10 

Subsequentry, a method of detecting Coriolis force components exerted in respective axes directions in the sensor 
according to the fifth embodiment will now be described. It is to be noted that, lor the purpose of saving paper, Figs. 
61 and 62 used for explaining the method of oscillating the previously described oscillator are used In the explanation 
of the method of detecting this Coriolis force. 
15 First, let consider the case where Coriolis force Fx in the X-axis direction is applied to a center Of gravity G of the 

oscillator 550 as shown in Fig. 61 (In accordance with the principle shown in Fig. 5. since such a measurement of 
Coriolis force Fx is carried out in the state where oscillation Uy in the Y-axis direction is given, the oscillator 5S0 to 
ARRiimAri to hn rtsciiiflting in a direction perpendicular to the plane surface iof paper in Fia 61. but such osctllatinQ 
l^enomerton in the Y-axis directicxi does not affect measurement of Coriolis force Fx in the X-axis direction]. 8y action 
20 of such CorioHs force Fx, bending takes place in the flexSile substrate 510 which performs the function of diaphragm. 
Thus, a deformation as shown in Fig. 61 takes place. As a result, localized elerr^nts 01, 03 arranged along the X- 
axis oxpand in the X-axis direction, and locatizad elomAntA HP. DA Rimilarty Arranged on the X-axis contract in the X' 
axis direct iori. Since the piezoelectric element put between these respective electrode layers has a polarization char- 
acteristic as shown in Figs. 60(a) and 60(b). charges of polarity indicated by sign V or encompassed by small 
25 circle in Fig. 61 are produced in these respective electrode layers. Further, in the case where Coriolis force Fy in the 
Y-axis direction is applied, charges of predetermined polarities are produced similarfy with respect to. respective elec- 
trode layers constHuting localized elements 05 to 08 arranged akxig the Y-axis. 

Let now consider the case where Coriolis force Fz in the Z-axis direction is applied. In this case, the flexible sub- 
strate 510 which performs the function of diaphragm is deformed as shown in Fig. 62. localized elements 09, 01 2 
90 arranged along the Wl-axis expand in the Wl-axis direction, and localized elemerrts 010, 011 arranged ak>ng the 
Wl -axb contract in the Wl -axis direction. For this reason, charges of polarities as indicated by sign V or encom- 
passed by small circle in Fig. 62 are produced in respective electrode layers constituting localized elements 09 to 0 12. 
. Similarly, charges of predetermined polarities are produced also in respective electrode layers constituting localized 
elements 013 to Ol 6 arranged along the W2-axts. 
35 By making use of such a pherwnenon. wirings as shown in Figs. 63 to 65 are implemented to respective electrode 

layers, thereby making it possible to carry out detection of Coriolis force componenu Fx, Fy. Fz. For example, it is 
possible lo detect Coriolis force Fx in the X-axis direction as a voltage difference Vx produced between terminals Txl 
and Tx2 as shovwi in Fig. 63. it is possioie to easily unoersiand mis reason when conskierdiiufi is made in ujiiiiciuimii 
with polarities of charges produced in respective electrode layers by bending as shown in Fig. 61. When a wiring as 
40 shown in Fig. 63 is implemented, positive charges are all gathered at terminal Txl , and negative charges are all gath- 
ered at terminal Tx2. Thus, a potential difference Vx across both terminals indicates Coriolis force Fx in the X-axis 
direction. Entirely in the same manner, when a wiring as shown in Fig. 64 is implemented to respective eiecuooe layers 
constituting localized elements 05 to 08, it is possible to detect Coriolis force Fy in the Y-axis direction as a potential 
differer»ce Vy across terminals Tyl and Ty2. Further, when a wiring as shown in Fig. 65 is implemented to respective 
45 electrode layers constituting kx:3lized elements 09 to 016, it is possible to detect Coriolis force Fz in the Z-exis direction 
as a voltage difference Vz produced across terminals Tzi and Tz2. It should be noted that localized elements 01 3 to 
016 are not necessarily required, but even if only four localized elements 09 to 012 are used, detection of Coriolis 
force Fz in the Z-axis direction can be made. 

50 <5. 4> Oetection Of Angular Velocity 

As described above, in the multi-axial angular velocity sensor according to the fifth embodiment, an ajc. signal is 
applied across a predetermined pair of localized elements, thereby making it possible to oscillate the oscillator 550 
along any axial direction of the X-axis, the Y-axis, and the Z-axis. and to detect Coriol'is force components Fx, Fy. Fz 
55 in respective axes directions produced at that time as potential differences Vx, Vy. Vz. respectively. Accordingly, by 
the principle shown in Figs. 3 to 5. it is posstole to detect an angular vekscity w about any axis of the X-axts, the Y-axis 
and the Z-axis. 

It IS to be noted that, in the sensor according to the fifth embodiment, piezoelectric elements (localized elements) 
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is used for both the oscillating mechanism and the detecting mechanism eimilarty to the previously de5crit}ed sensor 
according to the fourth emtxxjiment. In view o1 this, let study sharing of roles of respective localized elements in the 
detecting operetionQ of respective anguler velocttiee. 

First, iel consider the operation for delecting angular velocity (ox about the X-axis on the basis of the principle 

* shown in Fig. 3. In this case, it is necessary to detect Coriolis force Fy produced In the V-axis direction when an osciiiator 
is caused to undergo oscillation Uz in the Z-axis. In order to allow the oscillator 550 to undergo oscillation Uz. it is 
tsufriuttfrii lo Uelivui uri ti.c. biytiat tu KfuulutiO ttlariitttitb 09 tu DiO aiiungtfO mi i\w Wl-uxls and Ihe W2-axi5. Further, 
in order to detect Coriolis force Fy applied to the oscillator 550, (t is sufficient to detect voltages produced at localized 
elements 05 to 08 arranged on the Y-axis. The remainir>g localized elements 01 to 04 are noA used in this detecting 

10 operation. 

Subsequently, let consider the operation for detecting angular vekxHy coy about the Y-axis on the basis of the 
principle shown in Fig. 4. In this case, it is necessary to detect Coriolis force Fz produced in the Z'^xis direction when 
an oscillator is caused to undergo oscillation Ux in the X-axis direction. In order to allow the oscillator 550 to undergo 
oscillation Ux, it is sufficient to deliver an a.c. signal to localized elements Dl to 04 arranged on the X-axts. Further, 
IS in order to detect Coriolis force f-z applied 10 the oscillator 550, 11 is suflicient to detect voltages produced ad tocatoed 
elements 09 to D16 arranged on the Wl-axis and the W2-axis. The remaining loca&zed elements 05 lo 08 are not 
used in this detecting operation. 

Finally, let consider the operation for detecting angular velodty coz about the Z-axis on the basis of the principle 
shown in Fig. 5. In this instance, it is necessary to detect CorioTis force Fx produced in the X-exis direction when en 
SO oscillator is caused to undergo oscillation Uy in the Y-axis direction, in order to allow the oscillates 550 to undergo 
oscillation Uy, it is sufficient to deliver an a.c. signal to localized elements OS to 08 arranged on the Y-axis. Further, in 
order to detect Coriolis force Fx applied to the oscillator 550, it is eutficient to detect voltages produced at locatized 
elements Dl to 04 arranged on the X-axis. The remaining localized elements 09 to 016 are rtot used in this detecting 
operation. 

^ As described above, it is seen that in the case of detecting any one of angular velocity components cox. coy. coz by 
using this sensor, sharing of the role with respect to respective localized elements is conveniently carried out. eo 
detection is carried out without hindrance. It should be noted that since it is unable to detect plural ones of angular 
velocity components ux, oiy, oiz at the same time, in the case where an attempt is made to detect three angular velocity 
components, it is necessary to conduct time-division processing as described later to sequentially carry out detections 

30 one by one. 

<S. 5> Modification 1 

In accordance with the above-described sensor of the fifth embodiment, it is possible to determine Coriolis force 

35 components Fx. Fy. Fz in the XYZ three-dimensional coordinate system as potential diWerences Vk, Vz, respectively. 
Further, it is possible to delect angular velocity components on the basis of these potential differences. However, in 
order to detect these potential diflergnces, it is necessary to implement wirings as shown in the circuit diagrams of 
Figs. 63 to 65 to respective electrode layers. Such wirings are such that upper electrode layers ar>d lower electrode 
layers are mixed. Therefore, in the case of mass-producing such sensors, the cost tor wiring car\nol be neglected as 

40 compared to the total cost of product. This modification 1 is characterized in thai the polarization characteristic of the 
piezoelectric is partially varied, thereby simplifying wiring to reduce the manufacturing cost 

As previously described, it is possible to manufacture piezoelectric elements having an arbitrary polari7atiQn char- 
acteristic by the present technology. For exanple, the piezoelectric element 520 used in the above-described sensor 
according to the fifth embodiment had a polarization characteristic of the type III as shown in Figs. 60(a) and 60(b), 

*s On the contrary, it is also possible to manufacture piezoelectric element 530 having a polarization characteristic of the 
type IV as stiown in Figs. 66(a) and 66(b). Namely, it is possible to manufacture piezoelectric element 530 having a 
polarization characteristic such that in the case where a force in a direction to expand along the XY plane is applied 
as shown in Fig. 66(a), negative charges and positive charges are respectivety produced on the upper electrode layer 
L side and on the tower electrode layer M side, white in the case where a force in a direction to contract along the XY 

so plane is applied as shown in Fig. 66(b), positive charges and negative charges are respectively produced on the upper 
electrode layer L sk^e and on the lower electrode tayer M side. Further, it is possible to allow a portion al one piezoelectric 
element to have polarization characteristic of the type III and to allow another portion to have polarization characteristic 
of the type IV. In the modification described below, a piezoelectric element to which such a iocafized polarizaiion 
proceaaing l« implemented la used to thereby eimpliTy the atrueture of the eeneoc 

& Let now consider piezoelectric element 540 as showrt in Fig. 67. This piezoelectric element 540 is a doughnut disk 
shaped element which is entirety the same in shape as the piezoelectric element 520 used in the above-described 
sensor of F^. 57. However, its polarization characteristic is different from that of the piezoelectric element 520. The 
pitt^uttlwtik; tfleiiittiii 920 was an eltniwui bi wtiivh bH |Aiiliui» Itave puhnUuliuii UwicicttMisliL- uT II le type III as pre- 
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viously described. On the contrary, the piezoelectric element 540 has polarization characteristic of either the type III 
or the type IV in respective sixteen regions as shown in Fig. 67. Namely, this piezoelectric element 540 indicates 
polarization characteristic of the type III in the regions of localized elements Ol. D3, D5, D7, D9, D12, 013, 016. arxl 
indicates polarization characteristic of the type tV in the regions of localized elements D2. 04. D6. 06. 010. Oil, 014. 
6 015 (see Figs. 59 and 67). 

When consideration is now made as to how polarities of charges produced at respective electrode layers vary In 
the case where the piezoelectric element 540 having polarization characteristic as shown in Fig. 67 is used in place 
o( the piezoelectric element 520, it Is seen that polarities ol charges produced at upper electrode layers L2, L4. 16. LB, 
L10. L11. LI 4. LI 5 and lower electrode layers M2, M4. M5. M8. MIO, Mil. Ml 4, Ml 5 are inverted. For example, in 
»0 the case where Coriolis force Fx in the X-axis direction is applied, charges of polarities as shown in Fig. 61 are produced 
in the previously described sensor of Fig. 57. whereas charges ol polarities as shown in Fig. 68 are produced in the 
sensor ol this modification. Further, in the case wrtiere Coriolis force Fz in the 2-axis direction Is applied, charges of 
polarities as shown in Fig. 62 are produced in the prevtously described sensor of Fig. 57. whereas charges of polarities 
oa ohown in Fig. 60 arc produced in th« concor of thi» mnriific^tion. For this reason. \^en wirings as Shown in Figs. 
« 70 to 72 are implemented to respective e lectrode layers, it is possible to determine Coriolis force con^xments Fx, Fj^ 
Fz as potential differences Vk, Vy. Vz. respectively. 

For exanvte. with respect to the operation for detecting Coriolis force Fx in the X-axis direction, since polarities 
cil cliarg«ft produced at electrode loycro L2, MS and L4, M4 are invartod. the wirinQ fthriwn in Fio 63 is replaced t>y 
the wiring shown in Fig. 70. Simitarty. with respect to the operation for detecting Coriolis force Fy in the Y-axis direction. 
« since polarities of charges produced at electrode layers L6, M6 and LB, M8 are Inverted, the wiring shown in Fig. 64 
is replaced by the wiring shown in Fig. 71 . In addition, vwth respect to the operation for detecting Coriolis force Fz in 
me Z-axis Olreciton, shicw pulaiitioo of chargea of oloctrodo layoro LlO. M10. L11, Mil, LI 4, Ml 4. and LIS, MiS aia 
inverted, the wring shown in Fig. 65 is replaced by the wiring shown in Fig. 72. 

It is to be noted that in the case where the piezoelectric element 540 having localized polarization characteristic 
2S is used, an a.c. signal applied in order to oscillate the oscillator 550 is simplified. Namely, in order to oscillate the 
oscillator 550 in the X-axis direction, it Is sufTiciert to deliver a.c. signals in phase to aU the locaGzed elements Ol to 
04 as shown in Fig. 68. Similarly, in the case of oscillaling the oscillator 550 in the Y-axis cfirectipn. H is sufTiciem to 
deliver a.c. signals in phase to all the localized elements 05 to 06. In addition, in the case of oscillating the oscillator 
550 in the Z-axis direction, it is sufficient to deliver a.c. signals in phase to all the localized elements 09 to 016. 
30 The wirings shown in Figs. 70 to 72 have significant merits in manulacturing actual sensors as compared to the 

wirings shovwi in Figs. 63 to 65. The feature of the wirings shown in Figs. 70 to 72 resides in that even in the case 
where a Coriolis force is applied in any direction of the X^is. the Y-axis and the 2-axis. If Coriolis force is applied in 
the positive direction of each axis, positive charges and negative charges are necessarily produced on the upper 
electrode layer side and on the lower electrode layer side, respectively. By making use of this feature, it is possible to 
as simplify wiring of the entirety of the sensor. Let consider the case where, e.g., terminate Tx2, Ty2. Tz2 in Figs. 70 to 
72 are connected to sensor casing 560 to take a potential thereon as 8 reference potential (earth). In this case, sixteen 
lower electrode layers Ml xo M16 are in the state where they are conductive with each other. Even H such an approach 
is employed, a potential diflerence Vx indicating Coriolis force Fx in the X-axis direction is obtained as a voriage wiin 
respect to the earth of terminal Txl, a potential difference Vy indicating Coriolis force Fy in the Y-axis direction is 
40 obtained as a voltage with respect to the earth of terminal Tyl . and a potential difference Vz indicating Coriolis force 
F? in the 2-axis direction is obtained as a voltage with respect to the earth of terminal Tzl. Accordingly, this sensor 
operates without any hindrance. In addition, since vwring vflth respect to sixteen tower electrode layers Ml to M16 is 
carried out by altowing them to be conductive with each other, the wiring can be very simple. 

M <6. 6> Modification 2 

In the case where piezoelectric elen\ent 540 having localized polarization characteristic is used as in the above- 
described modification 1. ft is possible to provide wiring which allows sixteen k>wer electrode layers Ml to M16 to be 
conductive. As stated above, ff lower electrode layers Ml to M16 are permitted to be conductive, there Is no rtecesstty 
so of allowir>g these sbaeen electrode layers to be intentionally Independent electrode layers, respectively. Nanwly. as 
shown in the side cross sectional view of Fig. 7a it is sufficient to provide only one common lower electrode layer MO. 
The common tower electrode layer MO is a single doughnut disk shaped electrode layer, and senres as an electrode 
opposite to an the sixteen upper electrode layers LI to L16. 

SS <5.7> Modification 3 

In order to further simplify the structure of the above-described modification 2. His sufficient to use flextole substrate 
570 comprised ol a conductive material (e.g.. metal) in place of flexible substrate 510. If such flexible substrate 570 is 
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used, the structure in which the tower surface of the piezoelectric etement 540 is directly connected to the upper surface 

of tho floxiblo cubctrato 670 can bo roalizod without ucing cpocini lower oloctrodo byor MO Qo chown in tho oido crooc 

sectional view of Fig. 74. In this case, the flexible substrate 570 itseit functions as a common lower electrode layer MO. 
In addition, vnt\\)e the lower electrode side Is caused to be a convnon single electrode layer m the above-descrOsed 
s modifications 2, 3, the upper electrode layer side may be a common single electrode layer in a manner opposite to the 

<5. 8> Other ModiTications 

10 WhBe the above-described sensors all use a physicalty single piezoelectric element S20 or 540, they may be 
constituted with physicafly plural piezoelectric elements. For example, in Fig. 59. there may be employed a configuration 
in which respective localized elements 01 to Dl 6 are constituted with separate independent piezoelectric elements 
thus to use sbaeen piezoelectric elements in total. Further, there nr\ay be employed a configuration in which one localized 
eiamenis are uses wnn respective two locanzeo elements sucn mat a stngte locatizeo eiernent is usea tor Kx:aiizea 

IS elements 01 . 02 and another piezoelectric element is used for localized elements 03, 04, thus to use eight piezoelectric ' 
elements in total. As stated above, how many piezoelectric elements are used from a physical point of view is the 
matter which can be suitably changed in design. 

$6 SIXTH EMBODIMENT 

£0 

<6. 1> Pnnctpie Of Sensor According To Sixth Embodiment 

A multi>axial angular velocity sensor according to the sixth embodiment which will be descrbed below is a ser\6or 
using a electromagnetic force as the oscillating mechanism and using a differential transformer as the detecting mech- 

s$ anism. First, its principle will be briefly described with reference to Fig. 75. A center of gravity position of an oscfflatcv 
610 comprised of a magnetic material is assumed to be origin O to define an XYZ three-dimensional coordinate systenx 
Then, a pair of coils J1, J2, a pair of coils J3. J4 and a pair of coils J5, J6 are provided in such a manner that the 
oscillator 610 is put therebetween. 

When six coils are disposed in this way. tt is possible to oscillate the oscillator 610 comprised of magnetic nr^aterial 

SO in an arbitrary axis of the X-axis, the Y-axis, the Z-axts. For example, in order to produce oscillation Ux in the X-axis 
direction, it is sufficient to allow a current to reciprocally (low in coils J1, J2 arranged on the X-exis. When cunent is 
caused to flow n coflJI, the oscillator 610 moves in the positive direction of the X-axis by magnetic force produced 
by coil J1. Further, when current is caused to flow in coil J2. the oscillator 61 0. moves in the negative direction of the 
X-axis by magnetic force produced by coii J2. Accordingly, when current is caused to flow reciprocally, the oscillator 

3S 610 is reciprocated in the X- axis direction. Simitarfy, in order to produce oscillation Uy in the Y-axis direction, it is 
sufficient to allow current to reciprocally flow in coils J3, J4 arranged on the Y-axis. In addition, in order to produce 
oscillation Uz in the Z-axIs direction, it is sufficient to allow current to reciprocally flow in coils J5, J6 arranged on the 
Z-axis. 

On the other hand, by sbcth coils arranged in this way. it is also possible to delect displacement of the oscillator 
40 61 0 comprised ot magnetic material. For example, in the case where the oscillator 6l0 is caused to undergo displace- 
ment in the positive direction ol the X-axis, the distance between the oscillator 610 and coQ J1 becomes smaller, and 
the distance between the osditator 610 and coil J2 becomes greater. Generally, when e change takes place in the 
distance of magnetic material with respect to coil, a change takes place in inductance of that coil. Accordingly, if ir)- 
ductance change of coil J1 and inductance change of coil J2 are detected, it is possible to recognize displacement 'm 
45 the X-axis direction of the oscillator 610. Similarfy, by inductance change of coil J3 and inductance change of coil J4, 
H is possble to recognize displacement in the Y-axis direction of the oscillator 610. In addition, by inductance change 
of coil J5 and inductance change of coil J6. (1 is possible to recognize displacement in the Z-axis direction of the oscillator 
610. In view of this, if there is employed a structure such that displacement takes place in the oscillator 610 by Corblis 
force, it is possible to detect Corblis force components in respective axes directions by inductance changes of respec- 
eo tive coils. 

While coils J1 to J16 serve as bcAh the role for oscillating the oscillator 610 artd the role for detecting displacement 
of the oscillator 610 as slated above, coils lor oscillation and coils for detection may be separately provided. 

<6. 2> Structure And Operation Ot Actual Sensor 

ss 

Fig. 76 IS a side cross sectional view showing an actual structure of a mult'haxial angular velocity sensor based 

on the &t>ovc-clescrlbed principle. A columnar oscillator CIO comprised of a magnetic meterial euch a« iron, etc. ib 

acconrvnodated within a sensor casing 620. A partition plate 630 is connected on the upper surface of the sensor casing 
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620. A di&k-shaped diaphragm 640 is attached on the upper surlace of the partition plate 630 in such a manner that it 
faces downwardly. The upper end of a connecting rod'BSO is fixed to the center of this diaphragm. A penetration hole 
is formed at the central portion of the partition plate 630. The connecting rod 650 is inserted through the penetration 
hole. The osciitator 6 10 is attached to the lower end of the connecting rod 650. The oscillator 6l0 is In a hanging state 
S by the connecting rod 650 within the sensor casing 620. Further, a protective cover 660 is attached at the upper part 
of the partition plate 630 so as to cover the diaphragm 640. 

It is now assumed that a center of gravity position of the oscillator 610 is tal^en as the origin, and a Y-axis is fatten 
in a right direction, a Z-axis is taken in an upper direction and an X-axis is taken in a direction perpendicular to piane 
surface of paper in Fig. 76. 

TO Inside sensor casing 620, six coils J1 to J6 are disposed as shown (although coils J1 , J2 ere not shown in Fig. 76. 

coils J1 , J2 are respectively disposed on this side of the osciliator 610 and on that side thereof). This arrangement is 
the same as the arrangement shown in Fig. 75. 

As described above, a current is caused to flow in a predetermined pair of coils, thereby nuking it possible to 
oscillate the osciitator 610 in a predetermined axial directon. Further, inductance change of a predetermined pair of 

If coils is detected, thereby making it possible to detect Coriolis force components exerted in a predetermined axial 
directk)n. Accordingly, it is possible lo detect an angular velocity about a predetermined axis on the basis of the fun- 
damental principle shown in Figs. 3 to 5. 

g7 DETECTING OPERATION 

SO 

<7. 1> Detection OI Acceleration 

While various embodiments vi^ich ftave been described are all directed to multi-axial angular sensors, these sen- 
sors really have a double functkm not only as a multi-axial angular sensor but also as a muhi-axial acceleratkyi sensor. 

2S This is indicated in connection with the sensor of the first embodiment. Fig. 15 Is a view for explaining the operation 
for detecting angular velocity am atx)Ut tfie X-axis. In order to detect angular vetocMy cok, it is sufficient to measure 
Coriolis force Fy exerted in the Ynaxis direction in the state where the oscillator 130 is caused to undergo oscillation 
Uz in the Z-axts. Meanwhile, the reascm why such Coriolis force Fy in the Y-axis direction is produced is that the 
oscillator 1 30 was caused to intentiwially undergo oscillatbn in the Z-axIs direction In the state where angular vekx:ity 

30 oQc is exerted. If the oscillator 1 30 is not oscillated, Coriolis force Fy is not produced. However, even H the oscillator 
1 30 is rK>t oscillated, there are Instances where force Fy lo move tiie oscillator 1 30 in the Y-axis direction takes place. 
This is the case where an acceleration in the Y-axis direction is applied to the oscillator 130. In accordance with the 
f unctemental rule of dynamics, when an acceleration is applied to a body leaving mass, a force proportiortal to the mass 
of the body is applied in the same directk>n as that of this acceleration. Accordingly, in the case where an acceleration 

ss in the Y-axis direction is applied to the oscillator 1 30, a force Fy in the Y-axis direction having a magnitude proportional 
to mass of the oscillator IX is applied. Such force Fy resulting from acceleration and Coriolis force Fy are entirely the 
same as force. Accordingly, it is possible to detect a force resulting from acceleration by exactly the same method as 
the method ot detecting Cork>iis force. 

Eventually, in the above-described sensors of the respective embodiments, a force detected in a predetermined 

40 axial direction, with an oscillator being intentionally oscillated in a predetermined axial direction, is Coriolis force. The 
magnitude of this Coriolis force takes a value corresponding to an angular velocity about a predetermined axis. On ttie 
contrary, a force detected in a predetermined axial direction, with an oscillator being not oscillated, is a force based 
on an acceleration exerted in that axial direction. The magnitude of this force takes a value correspording to the 
acceleration in the axial direction. As stated above. \^en measurement is carried out with an oscillator being oscillated. 

45 the above -described sensors ot the respective embodiments function as an angular sensor, while when measurement 
is carried out with an oscillator being not oscillated, they function as an acceleration sensor. 

<7. 2> Time-divisional Detecting Operation 

50 As described above, the sensors according to this invention serve as both the function as a mufti-axial angular 

velocity sensor and the function as a multi-axial acceleration serisor. in view of this, in practce. a time-divlslonal de- 
tecting operation as indicated by the ftowchart of Fig. 77 is carried out, Uiereby making it possS)le to carry out detection 
of sixth components of acceleratkx) ax in the X-axis directbn, acceleratkxi ay in the Y-axis directkxi, acceleration oz 
in the Z-axis direction, angular velocity cox about the X-axis, angular velocity coy al^out the Y-axis, and angular vetocity 

55 (02 about the Z-axis. 

First, at step Si. detections of accelerations oa. ay. 02 in respective directions are carried out at the same time. 
Namely, It is sufficient to cany out the detecting processing identical to the detection of Coriolis force without oscillating 
oscillator. A force which has been detected at this tkne is not Cork>tis force in fact, but a force produced on the basis 
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of acceleration. With respect to the acceleration, it is possible lo detect three axial components at the same time. This 
because since there is no necessity of carrying out a work for allowing an oscillator to undergo oscillation. respectKre 
electrode layers are not required to perform the role as the oscillating mechanism, but performs only the role as the 
delecting mechanism. For example, in the case of the sensor according to the fourth embodiment shown in Fig. 42. 

S circuits as shown in Figs. 46 to 46 are formed lor the purpose of detecting Coriolis force. In the case of carrying out 
detection of acceleration, there is no necessity of delivering an a.c. signal for producing osclltatton. For this reason, it 
is unnecessary to deliver an a.c. signal to all of electrode layers El to E5 and Fl to FS shown in these circuits. Ac- 
cordingty, potential differences Vx, Vy, Vz detected by these circuits indicate accelerations ax, ay, az as they are. 
Subsequently, detection of angular velocity tux is carried out at step S2. detection of angular velocity <a^ is carried 

10 out at step S3, and detection of angular velocity an is carried out at step 84. With respect to the angular velocity, as 
previously described, it is unable to detect respective angular velocity components about three axes. Accordingtyi 
detections of respective angular velocity components ere carried out in succession by such a time division. 

FinaOy, the operation returns from step 85 to step 81 for a second time. As long as the detecting operation is 

conttnuouaty executed, oimilor operation will be ropoatodly oxocutod. 

15 

<7. 3> Detecting Circuit 

SubttequtsiiUy. Uw luiidainental configuration of the detecting circiiit for carrying out o timo divbioryil dotoettng 
Operation as previously described Is shown in Fig. 78. In this figure, block 700 corresponds to various embodiments 

20 of multi-axial angular velocity sensors which have been described above. From a viewpoint of function, this block is 
illustrated in a manner divided into two sections of oscillating section 710 and detecting section 720. The oscillating 
section /10 is a section having a runciion lo oscniaie an oscUttitui btcluUtni limioai in e ptnJotcii mined axial diioctton. 
When a drive signal is delivered to respective terminals respectively designated at X, Y. Z, an oscillator is oscillated in 
the X-, Y- and Z- axial directions. Further, the detecting section 720 is a section having a function to output a detection 

25 signal indicating a displacement of the oscillator included. From respective terminals designated at X. Y, Z in the figure, 
detection signals of displacements with respect to the X-, Y- and Z-axial directions are respectively outputted. In a 
practical sensor, there are instances where one electrode layer senses as both the function on the oeciDaling sectkxi 
710 side.and the function on the detecting section 720 skJe, and it is therefore difTicult to clearty classify respective 
sections constituting the sensor into the oscillating section 710 or the detecting section 720. However, for convenience. 

90 this sensor is assumed to be represented by a simple model such as bkx:k 700 by f unctk^nalty grasping it. 

An oscillation generator 711 Is a circuit for generating a drive signal whk:h is delivered to respective terminals X. 
Y, Z o! the oscilteting sectksn 710. In a more practical sense, the oscillation generator 711 is a unit for generating, e. 
g.. an a.c. signal. I^ufliplexer 712 includes switches 8W1 , SW2. SW3. and serves to control a drive signal produced 
in the oscillating generator 711 delivered to any one of terminals X Y. Z of the oscillating section 710. On the other 

35 hand, a detection sighai outputted from any one of terminals X, Y, Z of the detecting section 720 is delivered to a 
displacement detecting circuit 721 via a multiplexer 722. The muit'iplexer 722 includes switches SW4. SW5, SW6i and 
sen/es to select a detection signal delivered to the displacement delecting circuit 721. The displacement delecting 
circuit 721 detects an actual displacement quantity on the basis of the detection signal delivered thereto to deliver it 
to a detectksn value output circuit 730. A controller 740 oonuols the operations of multiplexers 712. 722. and delivers 

40 a control signal to the detection value output circuit 730. 

ThA rteiArttino rircuH has been constructed as above. It is to be noted that Fig. 76 is not ari actual circuit diagram 
indicating an actual current path, but is a view showing the outline of the configuration of the detecting circuit. Accord- 
ingty. a single line shown in the figure indicates a path for a bundle of control signals or detectwn signals, but does nod 
indicate the current path Itself. For example, although a single control signal line is only illustrated between switch SW1 
and the ccclllating cection 710, it ic n«cec«ary to d«IK/or an «.c. Aignal having a predetermined phase to a plurality of 
electrode layers for the purpose of oscillating the oscillator in the X-axis direction in practice. Therefore, a pluratity of 
current paths are required. 

When such a detecting circuit is constructed, the detecting operation shown in the flowchart of Fig. 77 will be 
executed as folbws. The processing for detecting accelerations ox, ay. oz is carried out. Namely, the controller 740 

50 delivers, to multiptexers 71 2. 722. an indication to aliaw switches SW1 , SW2. SW3 to be aP turned OFF, and to allow 
switches SW4. SWS. SW6 to be all turned ON. As a result, no drive signal is delivered to the oscillating section 710. 
and, an intentional excitation with respect to the oscillator is not carried out. Accordingly, detection signals outputted 
from respective terminals X Y, Z d the detecting section 720 at this time are not a signal indicating Coriolis force, but 
a signal indicating a displacement produced by a force based on action of acceleration. Since sv«tches SW4. SW5, 

ss S W6 are all ON. three signals are all delivered to the displacement delecting circuit 721 , at which displacement quan- 
tities in three axial directions of X. Y, Z are detected. The controller 740 instructs the detection value output circuit 730 
to output detected three displacerr^ent quantities as values of acceleration. Thus, the disptacement quantities in the 
three axial directions detected at the displacement detecting circuit 721 are outputted as acceleration values coc, oy. 
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02 from the detection value output circuit 730, respectively. 

Subsequently, the cor^t roller 740 carries out processing for detecting angular velocity cox as processing at step S2. 
Namely, the controller 740 delivers, to multiplexers 712. 722. on the basis of the principle shown in Fjg. 3. an indicatton 

6 to allow switch SWT to be turned OFF, 

tn nllow Rwitnh SWS to be turned OFF. 

to allow switch SW3 to be turned ON. 

to allow switch SW4 to be turned OFR 

to aaow switch SW5 to be turned ON, and 
10 to allow switch SW6 to be turned OFF 

As a result, the oscillating section 710 allows the oscillator to undergo oscillation Uz in the Z^is direction. The detecting 
section 720 outputs, from terminal Y. a detection signal indicating displacement in the Y-axis direction of the oscillator 

by action o* Cofiolio force Fy produced ot thic timo. The dicpJacomont dotecting circuit 721 dotocts a dicptacornont 

15 quantity in the Y-axis direction on the basis of this detection signal The controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity m about the X-axis. Thus, 
the displacement quantity in the Y-axis direction detected at the displacement detecting circuH 721 is outputted as 
angular velocity oM from the detection value output circuit 730. 

Then, the controller 740 carries out processing for detecting angular velocity coy as processing at step S3. Namely. 

20 the controller 740 delivers, to multiplexers 712, 722. on the basis of the principle shown in Fig. 4. an tndicaticn 

io allow swiich SW t to be tumed ON. 
to allow switch SW2 to be turned OFF, 
to aBow switch SW3 to be turned OFF. 
es to allow switch SW4 to be turned OFF. 

to allow switch SW5 to be turned OFF, and 
to allow switch SW6 to be turned ON. 

As a result, oscillating section 710 allows the oscillator to undergo oscillation Ux in the X-axis direction. The delecting 
30 section 720 outputs a detection signal inoicaiing displacement in me Z-axis otrection ot the oscitiaior by action of 
Cortolis force Fz produced at this time from temntnal Z. The displacement detecting ctrcuil 721 detects displacement 
quantity in the Z-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity coy about the Y-axis. Thus, 
the displacen^ent quantity in the Z-axis direction detected at the displacement oeieciing circuit /2l te ouipuneo as 
$S angular velocity coy from the detection value output circuit 730. 

Further, the controller 740 carries out processing tor detecting angular velocity f»z as processing at step 54. Namely, 
the controller 740 delivers, to muHlplexers 712. 722. on the basis of the principle shown in Fig. 5. an indication 

to allow switch SWI to be turned OFF, 
40 to allow switch SW2 to be turned ON, 
to aPow switch SW3 to be turned OFF, 
to allow switch SW4 to be tumed ON. 
to alow switdi SW5 to be tumed OFF. and 
to allow switch SW6 to be tumed OFF. 

46 

As a result, the oscillating section 710 allows the oscillator to undergo oscillation Uy in the Y-axis direction. The detecting 
section 720 outputs a detection signal indicating displacement in the X-axis direction of the oscillator by action ol 
Coriolis force produced at this time from terminal X The displacement detecting circuit 721 detects displacement 
quantity k\ the X-axk direction on the ba^ift ct thift rlAt Action sionat. The controller 740 instructs the detection Value 

SO output circuit 730 to output the detected displacement quantity as a value of angular velocity about the Z-axis. Thus, 
the displacement quantity in the X-axis direction detected at the displacement detecting circuit 721 is outputted as 
angular velocity «az from the detection value output circuit 730. 

The pbove-mentioned processing is repeatedly executed via step S5. Accordingi); if such sensor is mounted in a 
moving body, it becomes possible to continuously detect acceleration components in three axial directions and angular 

fs vekxiSy components about three axial at respective time potnts. 



31 



EP0 662 601 B1 



<7. 4> Other Detecting Prnciple Of Angular Velocity 

The foregoing explanation relating to detection ot the multi-axiat angular velocity was all based on the fundamental 
principle shown in Figs. 3 to 5. On the contrary, detection based on the fundamental principle shown in Figs. 79 to 81 

s can be made as well. For example, in the case of detecting angular velocity oix about the X-axis, in accordance with 
the tundamontal principle choMiri in Fig. 3. a Coriolic force Fy produced in the Y-axic direction when the occitiator ie 
caused to undergo oscillation Uz in the Z-axis direction is detected. In accordance with the fundamental principle shown 
in Fig. 79, tt is sutflcienl to detect Coriolis force Fz produced in the Z-axis direclton when the oscillator Is caused to 
undergo oscillation Uy in the Y-axis direction. Similarly, in the case of detecting angular velocity cay about the Y-axis. 

10 in accordance with the fundamental principle shown in Fig. 4, Coriofis force Fz produced in the Z-exis direction when 
the oscillator is caused to undergo oscillation Ux in the X<exis direction is detected. In accordance with the fundamental 
principle shown in Fig. 80. it is sufficient to detect Coriolis force Fx produced in the X-axis direction when the oscillator 
is caused to undergo oscillation Uz in the Z-axis direction. In addition, in the case of detecting angular velocity <dz about 

the Z-Qxio, in occordonce with the fuixJamental principle shown in Fig. 5, Corioiid force Fa pioUuceU in Uie X-oMb 

IS direction when the osci/{ator is caused to undergo oscillation Uy in the Y-axis direction is detected. In accordance with 
the fundamental principle shown in Fig. 81. it is sufficient to detect Coriolis force Fy produced in the Y-axis direction 
when the oscillator Is caused to undergo osclDation Ux in the X-axis direction. 

In vliuit, Um inuht-oAial volucily Miimui ttuuuiUirig (u Umt invmiliuii utififutf tint (kituiat law tlml, wiUt r««peci loun 
oscillator positioned at the origin of three axes perpertdicular to each other, in the case where angular velocity id is 

SO applied about the first axis, when oscillation U is given in the second axial direction. Coriolis force is applied in the thiid 
axial direction. Either selection of principles as shown in Figs. 3 to 5 or selection of principles as shown in Figs. 79 to 
81 may be made. Accordingty. it is possible to carry out detection to which the fundamental principfe shown in Figs. 
79 to 81 is applied in connection with an the embodiment which have t>een described above. 

^ <7. 5> Detection By Combination Of The Fundamental Principles 

As described above, in the angular velocity detection according to this invention, it is possible to carry out txsth 
detection based on the fundamental principle shown in Figs. 3 to 5 and detection based on the fundamental principle 
shown in Figs. 79 to 61, and it is further posstole to carry out detection in which both detections are combined. For the 
» purpose oi tactiaating understanding, ciassnicaiion or respective tunoamentai pnnciptes is earned out. It is seen that 
six kinds of detecting opeiations as shown in the following Table can be made. 



<Table> 
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FIG. 81 


DETECTING OPERATION 2 
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FIG. 4 


DETECTING OPERATION 3 
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FIG. 79 


DETECTING OPERATION 4 
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FIG. 5 


DETECTING OPERATION 6 
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X 


Y 


FIG. GO 


DETECTING OPERATION 6 


Z 


Y 


X 


FIG. 3 



^ In the above Table, the column of U indicates the axiaJ direction to excite the oscittator. the column of F indicates the 
axial direction to detect Coriolis torce exerted on the oscillator, and the column of indicates the axis relating to angular 
velocity to be detected. In the detection based on the fundamental prir>ctple shown in Figs. 3 to 5, even three detectrtg 
c^e rations of the above Table are carried out. In the detection based on the fundamental principle showi in Figs. 79 
to 61 , odd three detectng operations are carried out. As previously described, it is possible to detect angular velocity 

80 components about three axes of XYZ by such three detecting operations. 

Meanwhile, combination for detecting such angular velocity components about three axes is not limltdd to combi- 
nation of even and odd ddtecting operations. For exanple. even if combination of the detecting operations 1 to 3 of 
the.firsi half is employed, angular velocity components aboui three axes ol X. Y, Z can be detected. Further, even H 
combination of the detecting operations 4 to 6 of the latter half is employed, angular velocity components at)OUt three 

^ axes of X Y. Z can be made (see the column of co of the above Table). In addition, when such combinations are 
employed, a portion of the oscillating mechanism and the delecting mechanism may be omitted. For example, in order 
to oxoouto tho doteoting oporaiionc 1 to 3 in tho above Table, it ic culficiont for fho oxcilation axic of the ocoillator to 
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employ Ihe X-axis and the Y-axis (see the column of U). In other words, it is not necessa/y to oscillate the oscillalor in 
the Z-axis. Further, it is sufficient lor the axis lor detecting Coriolis force to employ only the Y-axis and the 2-axis (see 
the column of F). in other words, it is not necessary to detect Coriolis force in the X^xis direction. Event uaily, as the 
oscillating mechanism, it is enough to permit the oscillator to undergo oscitiatlon tn two axes directions o< X-exis and 

B the Y-axis. As the detecting mechanism, it is enough to pem^it detection in two axes of the V-axIs and the Z-axb. II 
WAS the premise th»t various embodiments which have been described above all Include an oscillating mechanism for 
oscillating an oscillator in three axial directions of X. Y. Z and a detecting mechanism for detecting Coriolis force com- 
ponents in three axial directions of X, Y, Z. However, by suitably combining the fundamental principles in this way. 
detection of angular velocity components about three axes can be made by using an oscillating mechanism in two 

10 axes directions and a detection mechanism in two axes directions. 

While the above-described embodiments were all directed to a three<fimen&ional angular velocity sensor for de- 
tecting angular velocity components about three axes of X. Y, Z. in the case where it is sufficient to detect only angular 
velocity components with respect to specific two axes of these three axes, it is possible to use a two-dimensional 
angular velocrty aenoor in %vhiqh o portion o1 tho oceillating mochoni«m or th© dotocting mechanism is f urthnr nmittad. 

15 For example , let now conside r only the detecting operation 1 and the detecting operation 2 in the above l^bte. In order 
to carry out these two detecting operations, it is sufTicient that an oscillating mechanism in the X-axis direction and a 
detecting mechanisms in the Y-axis arid Z-axis directions arc provided. As a resutl, it is possible to detect angular 
velocity about the Z-axIs and angular velocity about the Y-axis. Accordingly, a twcxlimensional angular velocity sensor 
can be realized by the oscillating mechanism in one axial direction and the detecting mechanism with respect to two 

to axes. 

In addition, combination as described below may be employed. Let now consider only the detecting operation 2 
arxJ me Oeiecting c^eraUori 3 hi ttw abuvw Tublc. In onJer to carry out these two detecting operettona, it io ouffioicnt 
that an osclltating mechanisms in the X-axis and Y-axis directions and a detecting mechanism with respect to the Z- 
axts direction are provided. As a result, angular velocity about the Y-axis and angular velocity about the X-axis can be 
2S detected. Accordingly, a two-dimensional angular velocity sensor can be realized by the oscillating mechanisms in twro 
axes directions and the detect'ng mechanism with respect to one axis. 

INPUSTRiAL APPUCABfUTY 

30 A muRi-exial angular velocity sensor accoromg to tnis invention can respectively inUeperiUtfiuiy Uviaci at ivfuittt 

velocity u» about the X-axis, angular velocity coy about the Y-axis, arvj angular velocity coz about the Z-axis with respect 
to an object moving in an XYZ three-dimensional coordinate system. Accordingly, when mounted in an industrial ma- 
chine, an industrial robot, an autonwtive vehicle, an air-plane, or a ship, etc.. this multi-axial angular velocity sensor 
can be widely utilized as a sensor in canying out recognrlion oi moving state or a reeooack coniroi wim respeci lo 

96 movement. In addition, this mutli-axial angular velocity sensor can be also utilized lor control lo correct unintentional 
hand movement at the time of photographing by camera 

Clalme 

1. An angular velocity sensor for detecting an angular velocity component about an axis, the sensor comprisirjg: 

(a) an osciUator having mass; 

(b) a sensor casing for accomnrwxialing the oscillator therewithin; 

45 (c) connection means tor connecting the oscBlatof to the sensor casirig so that the oscillator can be moved 

with a degree of freedom; 

(d) excitation means tor oscillating the oscillator with said degree of freedom; and 

(e) displacement detecting means for detecting a displacement of the oscillator, 

so charecterized In that: 

(f) the oscaiator '(l30; 211; 241; 260; 321; 440; 550; 610) is supported by the connection means (110; 212; 
2S2; 31^, 410; 510; 640. 650) with respect to the sensor casing (140; 220, 230; 270. 280. 290; 322, 330, 340; 
450; 560; 620, 630, 660) so that the oscillator can be moved with a degree of freedom in all of a first axis, e 

S5 second axis and a third axis directions of a threeKiimensional coordinate system; 

(g) the excitation means (EO to E5, FO to F5; GO to GlO; 01 to 016; J1 to J6) has a function to oscillate the 

usdtbslui linearly in at loaet one axis direction oi oaid firct, cooond ond third axic diroctionc; and 

(h) the displacement detecting means (EO to E5. FO to F5; GO to GlO; Rxl to Rx4; Ryl to Ry4. Rzl to Rz4; 



33 



EP0 662 601 B1 

01 to 016; Jl to J6) has a lunction to detect a displacement ol the oscillator in a detecting direction perpen- 
dicular to an axis along which the oscillator oscillates; 

(i) wherein control means (740) is further provided for executing at least tv«> different detecting operations to 
obtain at least two angular velocity components about diflerent axes ol said three-dimensional coordinate 
S system by changing an oscillating direction and/or a delecting direction with every detecting operation, 

2. An angular velocity sensor according to claim 1: 

wherein the control means has a lunction to execute; 
10 B first detecting operation (or oscHlating the oscillator in a first axis direction and delecting a displacemem ol 

the oscillator in a second axis direction to obtain an angular velocity component about a third axis; end 
a second detecting operation (or osctUating the osclflator in said first axis cfirectlon and detecting a displacement 
ol the oscPlator in said third axis direction to obtain an angular velocity component about said second axis. 

15 3. An angular velocity sensor according to claim 1: 

wherein the control means has a function to execute; 

a tirst oeiecitng operation tor oscltlallng Itiu iwuilbilui in a nral axia direction and detecting o diaplocomont ol . 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
so a second delecting operation (or oscillating the oscillator in said third axis direction and detecting a displace- 

ment of the oscillator in said second axis direction to obtain an angular velocity component about said first axis. 

4. An angular velocity sensor according to claim 1 : 

8$ wherein the control means has a function to execute; 

a firsl detecting operation (or oscillating the oscillator in a first axis direction and detecting a displacement cf 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation lor oscillating the oscillator in said second axis direction and detecting a dis- 
placement ol the oscillator in said third axis direction to obtain an angular velocity component about said first 

30 axis. 

6. An angular velocity sensor according to claim 1: 

vtfherein the control means has a function to execute; 

95 a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement ol 

the oscillator in a second axis direction to obtain an angular velocity component about a third axis; 
n ftAfvwi fteiftrtino operation for oscillaling the oscillator in said first axis direction and detecting a displacement 
ol the oscillator in said third axis direction to obtain an angular velocity component about said second axis; and 
a third detecting operation lor oscillating the oscillator in said second axis direction and detecting a displace- 

40 ment of the oscillator in said third axis direction to obtain an angular velocity component about said first axis. 

6. An angular velocity sensor according to claim 1 : 

• ' wherein the excitation means has a function to oscillate the oscillator in every respective direction along the 
•« reopeclive three oxeo Of>d the d»opl3eomor>t detecting meanc hae a ltir«;tion lo riAtAct a dispbcemeni of the 

oscillator in said every respective direction; and 

wherein the control means has a function to execute three diflerent detecting operations to obtain three angular 
velocity components about said respective three axes. 

so 7. An angular velocity sensor according to claim 1: 

wherein the control means has a (unction to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement o« 
the osciliator In a second axis direction to obtain an angular velocity component about a third axis; 
65 a second detecting operation (or oscillating Ihe oscBlaior in said second axis direcUon and detecting a dis- 

placement of the oscillator in said third axis direction to obtain an angular velocity component about said first 
axis; and 

a third detecting operation (or oscillating the oscdlator in said third axis direction and detecting a displacement 
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of the oscillator in said first axis direction to obtain an angular vejocity component about said second axis. 

6. An angular velocity sensor according to claim 7: 

wherein the control means further executes a fourth detecting operation for preventing the excitation means 
from oscitiating the oscillator and for detecting displacements in all of the first, second and third axis directions of 
itie oscatuioi lu ctHain accelaiallwi oonipononis exeited in (lie lu^ipeulivt; UiiecUuis. 

PatentansprOche 

1. Winkelgeschwindigkeitssensor zum Ermittein einer WInkelgeschwindigkeitstomponeme bezOglich einer Achse. 
umfassend: 

(a) einen eine Masse aufweisenden Osziilator; 

(b) ein Sensorgehause zur Autnahme des Oszillators in seinem Inneren; 

(c) eine Verfo'mdungseinrichtung zum Verbinden des Oszillators mit dem Sensorgehause in der Weise. daB 
der Osziilator mit einem Freiheitsgrad bewegt werden karm; 

<d) eine Anregungseinrichtung zum Anregen des Schwingens des Oszillators mit dem Freiheitsgrad; und 

(e) eine Versetzungs-Nachweiseinrichtung zum Nachweisen einer Versetzung des Osziffalors: 

dadurch gekennzeichnet, daS 

(f) der Osziilator (130; 210; 241; 260; 321; ^; 550; 610) von der Verbmdungsetnrichtung (110; 212; 252; 
312; 410. 510; 640. 650) gegenOber dem SensorgehSuse (140; 220. 230; 270. 280. 290; 322. 330. 340; 450; 
560; 620. 630, 660) derart getagert wird, daQ der Osziilator mh eInem Freiheitsgrad in samttiche Richtungeh 
einer ersten Achse, einer zwe'iten Achse und einer dritten Achse eines dreidimenskyialen Koordinatensystems 
bewegt werden kann; 

(g) die Anregungseinrichtung (EO bis E5, FO bis FS; GO bis GlO; Dl bis Dl6; Jl bis J6) die Funktion hat, den 
Osziilator in mindestens einer Achsenrichtung von der ersten, der zweiien und der dritten Achsenrichtung 
linear in Schwingung zu versetzen; und 

.. (h) die Versetzungsnachweiseinrchtung (EO bis E5, FO bis FS; GO bis GlO; Rxl bis Rx4; Ryl bis Ry4. Rzl 
bis R24; 01 bis Oi6; Jl bis J16} die Funktksn hat. eine Versetzung des Oszaiators in einer Nachweisrichtung 
senkrecht zu einer Achse. entlang der der Osziilator schwingt, nachzuweisen; 

({) wobei auOerdem eine Steuere'mrichtung (47) vorgesehen ist zum Ausfuhren von mindestens zwei verschle* 
denen Nachwei&operationen. um mindestens zwei Winkelgeschwindigkelt&komponenten bezOglich verschie* 
dener Achsen des dreidimensionalen Koordinatensystems zu erhalten, indem eine Schwingungsrichtung und/ 
Oder eine Nachweisrichtung bei jeder Nachweisoperation geSndert wird. 

2. Winkelgeschwindigkeitssensor nach Anspruch 1 . be! dem die Steuereinrichitung eine Funfdnn aufweist. um fd- 
gende Operationen euszufQhren: 

eine erste Nachweisoperaton zum Schwingenlassen des Oezillatois in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszlllatore in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 
• keitskomponente bezOglich einer dritten Achse zu erhalten; und 

«tno 2woHo Nachwetcoporation lum Schwing«ntac6»n doc Oszillators in l^i^ung d»r 9rc1«n Acheo und 2um 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine WinkelgeschwirKJigkeits- 
komponente bezOglich der zweiten Achse zu erhalten, 

3. Winkelgeschwind'igke ttssensor nach Anspruch 1 , 

bei dem die Steuereinrchtung die Funktk>n hat, folgende Operationen auszuf uhren: 
eine erste Nachweisopeiatkm zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nochweisen einer VerMrtzung deft Oftzillatore in Richturtg einer rweiten Aehoe, um eine WirAeigeachwindig-. 
keitskomponente bezOglich einer dritten Achse zu erhalten, und 

eine zweile Nachweisoperation zum Schwmgenlassen des Osztflators in Richtung der dritten Achse und zum 
Nachweisen einer Versetzurtg des Oszillators in Richtung der zweiten Achse, um eine Winkelgeschwindig- 
keitskomponeme bezOgtlch der ersten Achse ^u eihalUfn. 
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4. Winkelgeschwindigkeitsfuhler nach Anspruch 1 , bei dem die Steuereinrichtung die Funiaion hat. lolgende Opera- 
tionen auszuffihren: 

eine erste Nachweisoperatlon zum Schwingenlassen des Oszillalors in Richlung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse. um eine Winl^elgeschwindig- 
keitskomponente bezuglich einer dritten Achse zu eihallen; und 

eine zweite Nachweisoperaiion zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
rJachweisen einer Versetzong des Oszillators in Richtung der dritten Achse. um eine Winkelgeschwindigkeits- 
komponente bezOgtich der ersten Achse zu erhatien. 

5. Winkelgeschwindigkeilssensor nach Anspruch 1. bei dem die Steuereinrichtung die Funktion hat. lolgende Ope- 
ratlonen auszulOhren: 

eine ersie Nacn weteOperaiton zom Scl mb lyt^ ila&»en aea Oaxinatore in FUohtMng oinor orcton Achce und lom 

Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine WinkelgeschwindiB- 
kehs komponente bezOglich einer dritten Achse zu erhalten; 

eine zweite Nachweisoperaiion zum Schwingenlassen des Oszillators in Rk:htung der ersten Achse und zum 
Nachweisen einer Versetzung des Osziliaiors in FUcntung Uei UiilitM i Achae, um cine VWnkoleeachwindigkoito 
komponente bezOglich der zweiten Achse zu erhalten; und 

eine dritie Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezOgfich der ersten Achse zu erhalten. 

6. Winkelgeschwindigkeitssensor nach Anspruch 1 . bei dem die An re gungse in richtung die Funktion hat. den Oszil- 
lator in jeder Richtung entlang der jeweiligen drei Achsenzum Schwingen zu bringen, und die Verselzungsnach- 
weiseinrlchtung die Funktion hat, eine Versetzung des Oszillators in jeder jeweiligen Rrchtung nschzuwelsen; 
wobei die Steuereinrichtung die Funktion hat. drei verschiedene Nachweisoperationen auszuiuhren. um bezuglich 
den drei Achsen drei Winkelgeschwindigkeitskomponenten zu gewinnen. 

7. Winkelgeschwindigkeitssensor nach Anspruch 1 . bei dem die Steuereinrichtung die Funklkxi hal, lolgende Ope- 
ratbnen auszulfihren: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschvtnndig- 
keitskomponente bezuglich einer drinen Achse zu erhatten; 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nochwoicon oinor VoreoUunQ rt*»ft OR7illatois in Richtuno der dritten Achse. um eine Winkelgeschwindigkeils- 
komponente bezuglich der ersten Achse zu erhalten; und 

eine dritte Nachweisoperaton zum Schwingenlassen des Oszillators In Richtung der dritten Achse und zum 
Nachweisen der Versetzung des Oszillators in Rfchtung der ersten Achse. um eine Winkelgeschwindigkeits- 
komponente bezuglioh dor 2w^on Aehso 2U •rhalton 

a. Winkelgeschwindigkeilssensor nach Anspruch 7. bei dem die Steuereinrichtung auBerdem eine vierte Nachweis- 
operatkxi ausf fihrt. um die Anregungseinrichtung an einem Anregen des Oszillators zum Schwingen zu hindem. 
una um VerseUungwi Oszitlatore in jodor Richtung onttang dor orcton. dor zweiten und der dritlen Achse 

nachzuwelsen, um Beschleunigungskomponenten zu erhatten, die in dan jeweHigen Richtungen wirken. 



Revendlcatlons 

1. Capteur de vilesse angulaire pour d6tecter une composanle de viiesse angubire autour rfun axe. le capleur 
comprenant : 

(a) un osclDateur possddant une masse ; 

(b) un boltier de capteur sen/ant d loger roscillateur ; 

(c) des moyens de raccordement pour raccorder roscillateur au boTtier du capteur de sorte que foscillateur 
peut 6tre d6plac6 avec un degr^ de liberty ; 

(d) des moyens d'excitation pour laire osctller foscfllateur avec ledit degr6 de liberty ; et 
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(e) des moyens de detection de d6placement pour d6tecter im d^ptacement de roscillateur; 
caract^ris^ en ce que 

(i) I'oscillaieur (130 ; 211 : 241 ; 260 ; 321 ; 440 ; 550 ; 610) est supportd par tes moyens de raccordement 
(110 : 212 ; 252 ; 312 ; 410 ; 610 ; 640. 650) par rapport au boTtier (140 ; 220, 230 ; 270, 280, 290 ; 322, 330. 
340 ; 450 ; 560 ; 620, 6X. 660) du capteur de sorte que I'osclllateur peut §tre d6ptac6 avec un degrd de (ibertd 
dans la totality des directions d'un prennier axe. d'un second axe et d'un trois»me axe d'un systfeme de coor- 
donndes tridimensionnel ; 

(9) (es iTHjyens d-excitation (EG 6 E5. FO h F5 ; GO 6 GIG ; Dl & D16 ; J1 ft J6) ont pour rOle de faire oscBler 
rosclllateur linteirement dans au moins une direction d*axe parmi lesdites premiftre. seconde et troisikne 
direction d*axes ; el 

(h) les moyene de dfitection de diptecement (EG ft ES. FG ft F5 : GO ft GIG ; Rxl ft Rx4 ; Ryl ft Ry4. Ftol ft 
Rz4 : Dl ft D16 ; Jl ft J6) ont pour rWe de d6tecter un oepiacemeni oe rosciiiaieur ddns une Uiiwiioii Oe 
detection perpendiculaire ft un axe le long duquet fosciiiateur oscitle : 

(0 dans lequel des moyens de commande (740) sont en outre pr6vus pour executer au moins deux operations 
de detection di«6rentes pour tobtentioo d^au moins deux composantes de vrtesse angulaire autour d'axes 
diWdrents dudit systftme de coordonnfies tridimensionnel. par modification d-une direction ooscliBKon evou 
d*une direction de detection lois de cheque opftration de d^ection. 

2. Cnpieur de vttesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour rfile d'exdcuter : 

une prcmlftre operation de detection pourfaire oeciller Poscillateur dans une premifere direction d*axe et d6- 
tecter un ddplacement de roscillateur dans une seconde direction d'axe pour obtenir une composante de 
vttesse angulaire autour d'un troisi&me axe ; et 

une seconde op6ration de detection pour faire osciller foscillateur dans ladHe premiftre direction d'axe et 
d^tecter un d6placement de roscillateur dans ladite troisiftme direction d'axe pour obtenir une composante 
de Vitesse angulaire autour dudit second axe. 

3. Capteur de vilesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour r61e d'exteuter : 

une premifere op6ration de detection pour faire osciller roscillateur dans une premiftre direction d'axe et de- 
tector un dfiplacement de foscaiateur dans une seconde direction tfaxe pour obtenir une composante de 

Vitesse angulaire autour d'un troisi^me axe ; et 

une secMtUe wp«io!ion de detection pour fotrc occUlor Poccillat our dan« ladit« troisi^wnp rtirftctlon d'axe et 
d6tecter un deplacement de I'oscillateur dans ladite seconde direction d'axe pour obtenir une composante de 
Vitesse angulaire autour dudU premier axe. 

4. Capteur oe vttesse angutaire seioii lu iev«M Klication l . 

. dans lequel les moyens de commande ont pour r61e cf exteuter : 

" une premiftre operation de detection pour faire osciller roscillateur dans une premiftre direction d'axe et d6- 
tecter un ddplacemeni de roscillateur oans une seconde diiuctiuii d'oxc pour obtenir une compooontc do 
Vitesse angulaire autour d'un troisiftme axe ; et 

une seconde operation de detection pour faire oscitter roscillateur dans ladite seconde direction d'axe et dft- 
tecler un deplacement de roscillateur dans ladite troisiftme direction d'axe pour obtenir une composante de 
Vitesse angulaire autour dudit premier axe. 

5. Capteur de Vitesse angulaire selon la revendication 1 , 

dans lequelles moyens de commande ont pour r6le d'exftcuter : 

une premiftre operation de detection pour laire osciller rosciOateur dans une premiftre direction d^axe et d6- 
teeter un deplacement de roscillateur dans une seconde direction d'axe pour obtenir une composante de 
Vitesse angulaire autour d'un troisiftme axe ; et 

une seconde operation de detection pour faire osciller foscfllateur dans ladite premiftre direction d'axe et 
detecter un deplacemem de rosciOateur dans ladite troisiftme direction d'axe pour obtenir une composante 
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de Vitesse angulaire autour dudit second axe ; et 

une tfoislfeme operation de detection pour laire oscilier I'oscillateur dans ladite seconde direction rfaxe et 
ddtecter un dfiplacement de I'oscillateur dans ladite trolsifeme direction tfaxe poor obtenir une composante 
de vhesse angulaire autour dudil premier axe. 

6. Capteur de vltesse angulaire seion la revendication 1 . 

dans lequel les moyens d'excitation on! pour r6le de faire oscilier roscillateur dans nimporte quelle direction 
respective le long des trois axes respectils, et les moyens de detection de d^placemenl ont pour rdle de 
d^ecter un ddptecemeni de Toscniateur dans ladite direction respective quelconque ; et 
dans lequel les moyens de commande ont pour r6ie d*ex6cuter trois op6rations de detection dUl^rentes pour 
obtenir trois composantes de Vitesse angulaire autour desdiis trois axes respectils. 

7. Cajpiteur de viltwst* aiiguleire aelon la revendioation 1 , 

dans lequel les moyens de commande ont pour rOle d'exdcuter : 

une premlfere operation de detection pour laire oscilier I'oscillateur suivant une premifere direction d'axe et 
oetecter un oepiacemeni de rubuilteteur dano une seconde direction d'axe pour obtenir une compoftflntA rte 
Vitesse angulaire auiour d'un trosi&me axe ; et 

une seconde opfiration de dfileciion pour faire osciDer roscfllateur dans ladite premiere direction axe et d^tecter 
un dfiplacement de roscillateur dans ladflc troisifeme direction d'axe pour obtenir une composante de vitesse 
angulaire autour dudrt premier axe ; ei 

une troisifeme operation de detection pour laire oscilier I'oscillateur dans ladtte seconde direction d'axe et 
detecter un deplacemeni de I'oscinateur dans ladite premifere direction dfexe pour obtenir une composante de 
Vitesse angulaire autour dudit second axe. 

a Capteur de vitesse angulaire seion ta revendication 7, 

dans lequel les moyens de commande exdcutent en outre une quatriftme operation de detection pour em- 
p6cher que les moyens d'excltation fassent oscilier I'oscillateur. et pour detecter des deplacements dans la lotawe 
des premiere, seconde et troisidme directions d-axes de roscillateur pour obtenir des composantes d-acceieration 
appliquees dans les directions respectives. 
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